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7. Tht Atomic Weight 0/ an (Ummi is ths ntmhcr of 
timss its atom is as heavy as an atom of hydrogen. The 
atomic weights of oxygta, hydrogen, nitrogen, chlorine, 
carbon, sulphur, sodium, potassium, and caldnm 
should be memorized, though in most <»T?mtnfltln7w 
the required atomic vm^ts are given. 

O •« 16 (this is the coavartkoud method of exprenhif 
the sentence, 'Tb© atomic weight of o xj i f en is 16*); 

H — i; N — 14; Cl — jj-j; C - It; S -• 3a; — *3; 

K -• 39; Ce 40. 

8. The atmnic weight of a solid element multiplied 
by its specific heat is approximately 6*4 (DoJeng and 
Petit'* Law). This affords a means of finding the 
rough A.W. of a solid element. 

g. A-W. -« Equivalent x Valency. 

10. The Valency of an eiemeni is the nvmUr of atoms 
0/ hydrogen mih mhieh one atom of the element will 
combine I it most, of course, be a whole number. 

11. Hence, In detennining the A-W. of an element, 
we often 

(fl) Find the equivalents accurately. 

(6) Find the A.W. by Hulong and Petit’s 

Law, §8. 

(c) Divide the approximate A.W. by the equivalent; 

the result is the approximate valency. 

(d) Take the nearest teh^ntmber to the appTO'^omaie 

valency to be the true valency. 

(e) Multiply the accurate equivalent by the true 

valency. The result is the accurate atomic 
weight. 
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12. Practically, it is found that th« A.W. of an 
dement is the sinaUest weight of U ever present in 
the M.W. of any of Us compounds. Hence a further 
method of determining the A.W. of an element is to take 
a large number of compounds of the dement, (a) find 
their M.W.. (i) analyse them qnantitativdy, and (c) 
calculate the smallest weight of the dement pre se nt 
in the M.W. of any of them. 

If we take a sufficiently large number of compounds, 
we ahaH probably indude at least one the molecule of 
which contains only one atom of the dement. In this 
case, the weight of the element in the M.W. of the 
compound must be its atomic weight 




A. HolecnUr Weights. 

(i) A glaasgjobe, evacuated, weighed 58*645 gnu The 
same globe filled with a certain gas weighed 59*137 gm.. 
while filled with hydrogen at the same temperattire and 
pressure it weighed 58*659 gm. Calculate the vapour 
density and molecular weight of the gas. 


^ Wdgfat ot > known volnipw rrf 
^ Weignt ot the volnme <rf bydr^fen 

58^39 - s 8*^5 


0*014 




The molecular weight is twice the VvD., Le. 70*4, 
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7. Tha Atomic Weight 0/ an dmtni is Ou nttmher oj 
times its atom is as heavy as an atom of hydrogen. The 
atomic weights of oxygen, hydrogen, nitrogen, chlorine, 
carbon, sulphur, sodium, potassium, and calchnn 
should be memorised, though in most examinations 
the required atomic weights ate given. 

O -• 16 (this is the conveotioDM method of exprosiDg 
ibe sentence. ‘The atomic weightofoxygenis 16'}; 

H — i; N — X4; Cl — 35*3; C •• la; S — 33; Na -> 23; 

K — 39; Ct, — 40. 

8. The atomic weight of a solid element multiplied 
by its specific heat is approodmately 6-4 (Duloog odA 
Petit's Law). This affords a means of finding the 
rough A.W. of a solid element. 

9. A-W. •» Equivalent x Valency. 

10. The Valency 0/ an element is the number of atoms 
of hydrogen with ^okich one atom of the element mU 
combine: it must, of course, be a whole number. 

11. Hence, in determining the A-W. of an element, 
we often 

(а) Find the equivalents accurately. 

(б) Find the flp^rcmmateAAV, by Dulong and Petit’s 

Law, §8. 

(c) Divide the approximate A.W. by the equivalent; 

the result is the approximate valency. 

(d) TaJa the nearest vhole number to the approjda^te 

valency to be the irtte valency. 

{«) Multii^y the accurate equivalent by the true 
valency. The result is the accurate atomic 
weight 
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gTT^ . in 15 C.C. water, and a depression i8'6 ^ is caused 
o*64‘> X 18-6 X 100 

in 100 Km, water by gnu 

* ^ i*ao X 15 

0-643 X l8-6 X 100 


M.W. 

— 66-7 . 

Or, using the formula, 
iLW. - 


K X 100 


i X * 

0-645 ^ ^8-6 X 100 
" i-io X 13 
which is the same expression as before. 

B. Atomic Weights. 

(iv) The equivalent of copper is 31-8. Its specific 
heat is 0-094. Find its atomic weight. 

* 08 . Heoce, by Dnkmg and Petit’s Law, ths AW. Is 


— 4-1, vtleticy b «fxwrt a-i mod to most bo a. 

AW. 31-8 X a — 636. 

(v) a*i6 gm. of silver yielded 2-87 gm. of silver 
chloride. The specific heat of silver is 0*057. Calcu- 
late its atomic weight- [Cl ^ 35*5.] 

3-87 — a-i6 — 071 

Hence 071 gm. chknino m a-i6 gm, tUver. 

33'3 gu>- chlorine (equivalent) » 

— loS gm. diver. 

H*nce equiralont o{ diver ^ loS. 

— 112 (tppitadmate AW,), 

— about I (a p p roxim ate valency), 
true valency i. 
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(ii) Ina Victor Mejfer experiment, the following data 
were obtained: 

Weight of liquid, 0*247 Volume of air displaced, 
24*0 c,c. Barometric pressure, 745 mm. Temperature 
14® C. The air was collected over water. 

Calculate the vapour density and molecular weight 
of the liquid. 

Water vapour preasore at 14* C. — n-o rom. 
true pr e wir e on air 74J — 12 

mm 733 nun. 

Orighial temperature -« 14* C. — 287* Abaolnte. 
volamo of air at N.TJ*. 

. 34 X 373 X 733 
287 X 760 

— 22-0 C.C. 

Wdght of thlj vohim© of h j dio g ei i at N.TJ^. 

o-og X 22 
” 1000 

«• 0*00198 gm. 

V.D. cf liquid - 

SLW. of liquid — 123 X 2 — 250. 

(iii) In a determination of the molecular weighTof a 
substance by the freering-point (cryoscopic) method, 
the following results were obtained : 

Weight of enbrtanco taken — 0-645 gm. (w) 

Yohune of water used aa aotvent r5 c.c. 

•weight „ „ „ „ — 15 gm. (S) 

Deprefflkm of the freering-pahit — r-ao* (0 
E for 100 gm, water — r8-6*(IQ 

If a depression 1*20® is caused by 0*645 gm. in 15 c.c. 

0-645 X i8*6 

water, then a depression 18*6*13 caused by 


1*20 
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followiiig , densities and percentage compositions by 
weight: 

Mfiiyt bromid* VJD. 47*5 Bronrine, 84-31 per cent 
EikyisfU bnrmids VJD. 94 B ro min e, 83-11 „ „ 

Tin bromide VJD. 319 Bromine, 73-06 ,, ,, 

Eiiyl brr>mid* VJD. 54-3 Bromine, 73-40 „ „ 

TribrcmopropanM VJD. 140-3 Bromine, 85-41 ,, „ 

What is the probable A.W. of bromine? 

First, find the M.W. of eadi compound, and then 
calculate the number of parts by weight of bromine 
in the M.W. ; 


b rom i ij VJD. — 47-5 .•. M.W. ■■ 93. 

100 pert! by weight of methyl bromide contain 84-31 of 
□romlne, 

93partibyw«lghtof methyl broinldecontain-^l^^^^-^ 
of bromine. 

— So p«rta by weight of bromine. 


EAyUn* bromids VJD. ■■ 94 1 £.W. 

.-. pert* by weight of bromine in M.W. 

Tin bromid*. VJD. — 319 M.W. 

pert* by weight of bromine In M W. 


- I&S 

_ 8^-ri X 188 
” 100 

— 160 parts. 

- 438 

. -43B X 73-06 
zoo 

— 320 pert*. 


Eihyibrotnidt. VJD. ■■ 54-3 M.W. 
pert* by weight of bromlno in M.W. 


Tribromopicpent. VJD. — 140-5 .% \T,W, 
pert* by weight of bromiDe la M.W. 


- 109 

« ^ X 73*40 

zoo 

“ So perts. 

— a8i 

^ JBz X 85-4Z 
ZOO 

“ 340 pert*. 
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(vi) The equivalent of gold (An) is 657, and its 
specific heat is 0*032. What will ^ the fonnula for 
gold chloride, and what is the atomic weight of gold? 

The fonnula for gold chloride will be AuQ^ where 
* is the valency of gold (since chlorine is univalent). 

6 *i 

— •• aoo (approxfanate A.W.) 

— about 3 (approxlniata valency). 

true valency •« 3. and the larmula for gold chloiide Is 
AnCL. 

Also, A.W. — 657 X 3 — 107-1. 


{vii} The following table shows the molecular 
composition of 10 compounds of carbon. What is the 
prot»ble atomic weight of carbon? 


Campotmd 

Molecular Weight 

Parti of Weight 
of C In Molecmar 
' Weight . 

no . 

x6 

la 

Ethana 

30 


Acetyletie 

Etlmeao 

Carbon dioxida 

36 

28 

H 

*4 

44 

la 

Carbon monoxide 

so 

13 

Benjcena . 

78 

7a 

Carbon disulphide 

76 

13 

Chlorofann 

119*5 

13 

Propyl alcohol 

60 I 

36 


The smallest weight of carbon in the M.W. of any of 
the above compounds is 12; hence the probable A. W. 
of carbon is 12- 

(viH) Certain compounds of bromine have the 
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7. In a Victor Meyer vapour density determination, 
0^7 gm. of a liquid was taken, and the air displaced, 
measured over water at 743 mm. and 14“ C, was found 
to occupy 24-0 c,c. Calculate the vapour density and 
molecular weight of the liquid, assuming that 1 litre 
of hydrogen at N.TJ*. weighs 0-09 gm, 

8. In a Victor Meyer detennination of the vapour 

density of chloroform. 0-187 gm. of the liquid was 
taken, gtirt the volume of di^laced air (collected over 
water at 15® C. 752-8 mm.) was 38 c,c. Calculate the 
molecular weight of chloroform, that i litre 

of hydrogen wei^is 0-09 gm. at N.T.P. 

9. o*iao gUL of benzene, a volatile liquid with a 
molecular weight of was vaporized. If the vapour 
was measured dry at aoo** C. 730 nrm., what volume 
did it occupy? (GJf.V. •- 22*4 litres.] 

[/#» ^uextums 10-15 indusive, K Oti iif r e sx km of 
ihe freexing-point, in Centigrade degreet, caused by 
dissolving Ae GM.W. of the solut* in 100 gm. soheni.'] 

10. In a freezing-point molecular weight determina- 
tion, it was found that a-o gm. of the substance 
dissolved in 100 c.c. of water gave a solution freezmg 
at — o-i86® C. What is the BLW. of the substance? 
[K - 18-6,] 

11. Calculate the ILW. of a substance f r om the 
following data: 0-355 gm, of the substance dissolved in 
15-0 c.c, of water produced a depression of the freezing- 
point of 0-27*. [K — 18-6.] 

12. When 0-190 gm, of common salt is dissolved in 
30 C.C. of water, what depression of the freezing-point 
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Hence the parts by weight of bromine in the 
molecular ^veights of the above compounds are, 
respectively, 8o, i6o, 520, 80, and 240. 

Therefore the probable A.W. of bromine is 80. 

Problems. 

1. I litre of dilorine weighs 35*5 times as much as 
I litre of hydrogen at the same temperature and 
pressure. What are (4) the vapour density of chlorine 
and (6) its molecular weight? 

2. The formula of hydrogen sulphide is H>S. Sup- 
posing that the volumes of both gases are measured at 
the same temperature and pressure, how many times 
as heavy as i cubic foot of hydrogen is i cubic foot of 
hydrogen sulphide? 

3. I litre of h)rdr(^ren at N.T.P. weighs 0-09 gm. If 
I litre of ammonia at N.T.P. weighs 0765 gm., what is 
the molecular weight of ammonia? 

4. The molecular wd^t in gram* of all gases at 
N.TJ*. occupies 22*4 litres. 1*32 gm. of carbon dioxide 
at N.T.P. occupies 672 c.c. Find the molecular weight 
of the gas, 

5. Write down the molecular weights of the following 
substances: (a) helium. He, (6) otone, (c) hydrogen 
chloride, HCl, (d) anfline. C,H,N, (d) cane-sugar 
(sucrose), CuHnO„, (/) Epscan salt, MgSO* . 7H,0. 

6. 100 C.C. of a gas at 24® C, 740 mm, weigh 0-26 gm. 
Calculate its molecular wei^t, assu min g that the 
G JI.V. of a gaseous substance is 22*4 litres at N.TJ^. 
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32 . 0-48 feiTL of oxygen combine with 6-0 gm, of a 
metaL The valency of the metal is 2. Calenlate its 
atomic weight- 

23. Two chlorides of an element contain respectively 
67*2 and 57-7 of chlorine. Calculate the equivalent of 
the element in each diloride, and suggest a probable 
value for its atomic weight. 

24. 2-6000 gm. of a non-metallic element is found 
to combine with hydrc^en to form 3'6325 gm. of a 
gaseous hydride. In many respects, the element 
closely resembles chlorine, and its hydride closely 
resembles hydrc^en chloride. What is .the probable 
atomic weight of the element? 

25. The spedhc heat of a metallic element, M, 
is 0*054. The metal forms a volatile chloride, 
276*4 c,c. of the vapour of whkh, measured at 220® C. 
770 mm., weigh i-So gm. Calculate the exact atomic 
weight of the element and write the formula of its 
chloride. 

26. The molecular wei^ts of several gaseous or 
volatile compoimds of nitrogen are as follows: 

Ammonia, 17; nitrous oxide, 44; hydrocyanic add, 
27; cyanogen, 52; methylamine, 31. 

The percentages by weight of nitrogen in these 
compounds are, respectively: Ammonia, 82*35; nitr ou s 
oxide, 63-63; hydrocyanic add, 51*85; cyanogen, 
53*55; methylamine, 45*16. 

Calculate the probable atomic weight of nitrogen. 

27. The vapour dendties of certain gaseous or 
volatile compounds of chlorine, together with the 
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would you expect to observe? The actually observed 
depression was 0'6o4®. Calculate the apparent M.W. 
of the salt. [K — i8^] 

13. 0*466 gra. of reaorcinol was dissolved in 18 gm. 
of be n i en e. The depression of the freezing-point ao 
produced was 1*15®. Calculate the U.W. of r esor d n oL 
[K - 49.] 

14. i*o6 gm. of a solid in 103 gm. of benzene gave a 
freezing-point depression of 0*61 Calculate the M.W. 
of the solid. [K — 49,] 

15. 0*042 gm. of metallic potassium was dissolved in 
50 gm. of mercury. The depression of the freezing- 
point of the raercury was observed to be 0093® C. 
Find the molecular weight of potassium. [K » 435.] 

16. The specific heat of copper is 0*09. Calcolate 
its approximate atomic weight 

17. The spedflc heat of lead is 0-051. Find h rou^ 
value for its atomic weighL 

18. The equivalent of a metal is 51*8 and its specific 
heat is approximately o*i. What Is Its atomic weight? 

19. The equivaleDt of a metallic element is 108, and 
its specific heat is 0*056. What is its atomic weight? 

20. 0-667 gm. of a metal yielded i*ooo gm. of its 
oxide. The specific heat of the metal was 0*066. 
Calculate its equivalent, valency, and atomic weight 

31. A metallic dUoride contains 34*47 per cent of 
metal. The specific heat of the metal is o*ii. Calcu- 
late the equivalent, valency, and atomic weight of the 
metal, and write the formula for its chloride. (Use the 
symbol X for one atom of the metal) 



CHAPTER V 


FORinjLAE AND COMPOSITION BY WEIGHT 

1. The Etuplrictl FomroU of a tubstsnce it the 
formula that thom the atoms of the constituent elements 
trt ihe simplexi numerical ratio; it may, or may not, be 
the same as the true, molecnlar, formula, bnt the latter 
is always some whole nomber multiple of the em- 
pirical formula. Thus the empirical formula of steam 
a H4O, and this is also the molecular formula; but tiae 
molecular formula of glucose is C,H,|0^ while the 
empirical fonnula for this substance is CH, 0 . Acetic 
add has the tame empirical formula, vix. CHtO, and so 
ha* lactic add, but the molecular formulae of these 
compounds are, respectively, C,H,0, and C,H,Or 
NcrU that C,H* 0 ,. C,H, 0 , and C,HuO, - CH ,0 X 2. 
CH^ X 3 and CHjO x 6. The gas form aldehyde has 
the empirical formula CH/), and this is also its true 
fonnula. 

2. To get the true formula, when the empirical 

fonnula has been found, it is usual to determine the 
molecular weight of the substance. Thus, if a sub- 
stance has the empirical fonnula CH, 0 , its true 
formula must be CH, 0 , C,H, 0 ,. C4H,04 . . . 

where n is a whole number. But the M.W. 
of a substance whose true formula is CH *0 is (la 4. a 
45 
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respective percentage weights of chlorine in the 
compotinds, arc os follows: 


Compotutd 

1 Vapour dsnalty ' 

1 Parcentag* wd^t of 
chlorine la ctnupouml 

Hydrogen chloride 
Chlorine monoxide 

^ 1813 

43*5 

! tit ■ 

Chlorine peroxide 

33*75 

5^-59 

Solphttr chloride 

6r5 

3* -39 

Stannic chloride 

130^ 



Find the probable atomic weight of chlorine. 
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numbers of atoms of the elements present in the 
molecule. 

(c) Since atoms are indivisible, this ratio must be 
reduced to the simidest whole number ratio (by divid- 
ing each quotient by the of all the quotients). 

(rf) The simplest 'whole number ratio of the atoms 
of the various elements gives us the simplest or em- 
larical formula for the compound. 

5. From the empirical formula the true formula 
may then be calculated if the necessary data (see $ 2 ) 
are provided, 

EIxakples. 

(I) The empirical formula of aniline is What 

weight of ni tr og en is present in 10 gm. aniline? 

(6 X li) + 7 + 14, Le. 93 ' pa- >nnhw?i contain 14 pn. nitrogen, 

.. lopn. ,, „ -I 

93 

I -31 gm. o itf oge n . 

(il) Calculate the percentage composition by weight 
of a substance with the empirical formula H,S, 0 ,. 
a X I + 2 X 3a 4- 7 X 16. Lc. 178, gm. contain 
(*) 2 gm. hydrogon. 

(b) 64 gm, nilphnr, 

(e) 1 12 gm. oxygen. 

100 gm. contain * gi" 

— I-I2 gm, hydrogen, 

and 100 gm, con tain ^ 

17® 

“ 33-96 gm, aolplmr. 
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+ 16) -• 30, "wlifle that of a substance CtH40i is 30 x a, 
that of a substance is 30 x 3, and so on. Hence 

if the molecular weight is known (or if data are given 
from which the M.W. may be calculated), the true 
formula can be calculated from the empirical formula- 
For example, the empirical formula of hjdrogen 
peroxide fs HO, but its M.W. is 34: now HO — 17, 


the true fcirmiila U HO x ^ HfO^. 

3. The composition by weight of a substance can be 
calculated from its empirical formula. Thus, if the 
empirical formula of a substance is C*H, 0 , we know 
from the atomic wei^ts that 3x12+8x1+ 16, 
i.e, 60, parts by weight of it contain 36 parts by wei^t 
of carbon, 8 of hydrt^nen, and 16 of oxygen. This 
compoaitioa by wei^t may be calculated as a percentage 
or in any other desired form. For instance, in the com- 
poimd just given, since 60 parts by weight contain 36 
parts by weight of carbcai, the percentage by weight of 
36 X xoo 


carbon in it is - 


60 


■- 60, the percentage of oxygen 


16 X 100 
60 


I aS-by, and that of hydrogen I3*33. 


4. Conversely, from the composition by weight of a 
substance (whether expressed as a percentage or 
otherwise), the empirical formula may be calculated 
as foUoH^; 

(tf) Divide the weight of each element present by 
the atomic weight of the element. 

(b) The quotients will be In the same ratio as the 
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Calcnlate its empirical fonnola- [Na = 23 ; S — 33 ; 
H - i; O = 16.] 


*3 


0-9 




- 0-43 




/. Na : S : H ,0 u : 0-43 : 3*6, L«. « 1 : i : 8. 
empirical fonnala i> Na^.SH/). 


(vi) A componnd was found to consist of carbon, 36*44 
per cent, hydrt^en, 3*08 per cent, and bromine, 70.48 
per cent Its vapour density was 227. Find its true 
fon nu la. [C ■= 12 ; H — i; Br. — 80.] 


12 



a-TO 

3-08 


C : H : Br a* a-a ; 3-08 ; 0-88. 

The H.CJ. ol a*a, 3*08 and o-88 b 0-44. 

Dividing each by 0-44 we get 5, 7, and a. 

C : H : Br aa 3 ; 7 ; a, 
empiric a l formnla b CiH^Br^ 

The VJ). b 327, M.W. — 434. 

M.W. of C,H,Br, - (60 + 7 + 160) - ny. 

Tiy b >Tlf 454. 

tme formula mnat be twice empli If 1 formula, Le. frw# 
formulM U 


(vil) On analysis, 4*80 gm* of a substance was found 
to contain 1*92 gm, of carbon, 2.56 gm. of oxygen. 
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Tbe rest must bo cwygen; I.o. {loo — i*ia — 35^6) • 

- 73-92 gm. 

percentage compoiitloD by weight Is 

i-ia hydrogen, 33-96 enlphor, 72-92 oxygem 


(iii) Acetylene contains 92-3 per cent of carbon and 
77 per cent of hydrogen. Wiat is its empirical 
formtila? [C =» 12; H 1.] 


-zf-77 

ratio of carbon atoms to hydrogen atoms Is 77 : 77. 
i.e. 1 : I. 

Hence empiricai formoU of acetyie©e is CH. 


(iv) .3 gm, of calchun carbonate were fonnd to 
consist of 1-2 gm. of caicimn, 0-36 gm. of carbon and 
1-44 gm. of oxygen. Find the empirical fonnnla of 
calchnn carbonate. [Ca =» 40 ; C «= 13 ; O «« 16.] 


40 

0-36 


Ca : C : O as 003 : o-oj : 0-09, i.e. as i : i : 3. 
empirical farmola of calchnn carbonate I s CaCO^. 


(v) A snlphlde of sodium, containing water of crystal- 

■ lisation, gave the following results on analysis : 
Sodium, 2073 per cent. 

Sulphur, 14-41 per cent, 

Water, 64-86 per cent. 




FORMULAE AKD COMPOSITION BY WEIGHT 51 

4. A compoond has the following percentage com- 
position by weight! C oo; H 6^; N 46*7; O 36*6. 
Its molecular weight is 60. What is its true formula? 

5. A compound gave the following results on 
analysis: 1*670 gm. gave 1*257 E™- sHver and 0*413 gm. 
chlorine. The molecule of the substance contains one 
atom of chlorine. Calculate the true formula of the 
substance. 

6. A compound of carbon, hytirogen, and bromine 
was found to contain li*53 per cent carbcm and 
l-^a per cent hydrt^en. Its vapour density is 104- 
What is its true formula? 

' 7. A litre of hydrogen at N.TJP. weighs 0*09 gnn 
A litre of a certain gas, under the same conditions of 
temperature and pressure, was found to weigh 1*395 
gm. 'On analysis, the percentage composition of the 
gas proved to be C 387; H i6*i; and N 45*2. Find 
the true formula of the gas. 
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and 0*32 gm. of hydrogen. Its molecular weight i% 
120. What is its true fonnula? 

?^_o.x6 

^-0.3. 

C : 0 : H ai o*i6 ; o*i6 : 0-31 — 1:1:3 
empirical formula it COH^ 

But IrLW. is 130 . whlk COHg — ix 4- 16 + i — 30, 
true formula U 4 timee the empiri cal fannnla, 
and it tutu 

PS 0 B 1 .EUS. 

1. Calculate the percentage coEipositions by weight 
of the following srabstances: 

( 1 ) Potasshim chlorute, KC 10 ». ^ 

(il) Sodium carbonate, Na/X>(. 

(ili) Hydrogen chloride, HCL 

(iv) Ammanium carbonate, (NH|),CO*. 

2 . Calcolate the empirical formulae of substances with 
the following percentage compositions by weight : 

( 1 ) Ca 54 *i: O 43*2: H 17. 

(il) Ca4o: C 12: O 43. 

(Hi Fe 63*6; S 36-4. 

(Iv) K 39; H i; C 13; O 48. 

(v) K 38-6; N 13-9; O 47*3. 

3. Calculate the empirical formulae of substances 
with the following percentage compositiona by weight : 

(I) Na 43-4; C ii'3: O 43-3. 

(ii) Co 33'6; S i3'8: O *5*d; H/D 36^. 

(iil) Zn 3x7; S ii*i; O *3>3; 44-o. 

(ir) Pb 90-^; O 9-34. 

(v) K 36*33: Cr 35-37; 038*10. 
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Examples. 


^ Wliat weight of hydrogen is required to react 
with 10*0 gm. of chlorine to form hydrogen chloride? 
H, + Cl, - aHCL 

Tbe fctamic wd^it of hydrogon li i; that (*f chlnrinB Is 33*3. 
ilnce I molecnle of chlorino a i molecule of hydrogen 
a X 33-3 guL .... =3 gm. 


2 X 35-5 
— o aSa gm. 


(U) What weight of sulphuric add is required to 
neutralise 5 lb. of potassdum hydroxide? 

aKQH + - KgSO, + aH, 0 . 

[K — 39; S -• 3a; O — 16; H «• I.] 

From the equation, it is seen that one molecnle of 
sulphuric add is required for 2 molecules of potassium 
hydroxide. 

Therefore a molecular wci^ts, in lb., of potassium 
hydroxide require i molecular weight, in lb., of 
sulphuric add. 

ButM.W.of pottshnnhydroxldo » 39 4- 16 + i « 36, 
and hLW. of vul^nrio add ^2x1+ 33 + 4x16— 98. 
iialb. cdpotaadmahydroTld# « 98 Ib. ol aulpihuTic aHrS 

5 Ib « ^ 7 ^ ^ 

■- A-38 P>- 

{iii) Calculate the wei^t of sodhnn bicarbonate 
requhed to yield 300 c.c. of carbon dioxide at N .TT‘. (a) 



CHAPTER VI 


REACTTNC QUANTITIES FROM EQUATIONS 

I. An equation tells us (a) the relative wigfUs of 
the reacting substances, and (fc) the relative vclumes of 
the reacting substances, if gtatom, and of the pro- 
ducts, if gauoui. 

3 . The Gram-Molecular-Welgbt (' G JJ.W, *)/ 
is, the M.W. in grams, of any gas occupies 22*4 litres 
at N.TP. 

In other words: 

The Gram-MolecxiUr-Volume (i.e. vohime occupied 
by G.M.W.) of any gas is 22-4 litres at N.TJ*. 

[N 3 .— .The G^LV.b 22-4 UtrwatN.TJ. when the rtEodjrf 
of atotolc weights is O lO-ooo. On this stuidAnl the ' 
atomic weight of hydrogen la i*oo8, not i*ooo, md the weight 
of hydrogen occupyin g litree at N.T J*. is a-otS gmu If the 
atomic weight of hydrogen is talon aa exactly 1*000, then the 
G 3 LV. of a gaaeons eubstanc® at N.T.P. is aa-aa Utrea. Unle* 
yon are given snch de&nlt® tu ftw i r mHnn hi the qneetlon as; 

' I litre of hydrogen at K.TJ>. weighs 0-09 gm-' or, ' r gm- of 
h y drogen at N.TJ*. occnptes ii*ii litres,' always take the 
G 3 LV, as aa’4 Utree at H.TJ*.] 

3. Where no atomic wd^ts are given, use the 
approximate values given on p. 139* 

S> 
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liberate 8 tons of hydrogen from (a) dilate salphnric 
add, (6) dilate hydrochloric add? 

Zn + HgSOj ■* ZaS04 + H*. 

Zn + 2SCI ZoClf + H*. 

4. What weight of potassiam nitrate must be used 
to produce 126 Ib. of nitric add according to the 
reaction 1 

KNOi + H;S0, - KHSO 4 + SNO|. 

Would a greater or a lea weight of sodium nitrate, 
NaNO*, be required? 

5. How many grams of chlorine arc contained in 
100 gm. of commou salt. NaQ? 

6. Which contains the greater weight of nitrogen: 
100 gm. of nitrous oxide (NiO) or 100 gm. of nitric 
oxide (NO)? 

7. When barrum chloride crystals, BaG*jH,0, are 
heated, all the water of crystallization is driven off. 
What percentage loss in weight cxamrs? 

8. When soditnn bicarbonate is heated, it decomposes 
according to the equation: 

2 NaHCO, - Na,CO, + H/) + CO,. 

What loss in weight would occur if 100 gm. of sodium 
bicarbonate were heated till the above reaction was 
complete? 

g. If sugar, CuHaOu, is heated with concen- 
trated sulphuric add, all the carbon in it is set free. 
What wei^t of carbon would be obtained from 
68*4 gm. of sugar? 
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by tie action of beat, (i) by the acHoa of dilate hydn>- 
chloric ad(L 


Heat : aNaHCO, - Na/X>, + H/) + CCV 
Action oS li^'droctUorfc add: 

NoHCO, + HQ - Naa + + CO,. 


(«) 2 G JI.W^ of sodimn bicarbonate yield i G JI.V. 
of carbon dioxida at N.TJ*. 

l.e. * X (23 +• 1 + la + 3 X i6) gnu NaHCO, 

■I 32^00 C.C, COi at N.T>P. 
cff x68 gm, NaHCO* ■■ 22^00 cc. CO, at N.TJP. 

H 22^00 c.e. CO* are yleklMl by 16S gm. NaHCO*. 



*• *'t3 gBL aodicn hkarbodittB. 


(6) From the equations^ It is dear that, by the action 
of a dilate add, a given weight of sodium bicarbonate 
yields twice as moch carbon diozixle as it does when 
heated. Hence the answer to the second part of the 
2*25 

question is — ^ ie. 1-125 sodium bicarbonate. 


Problems, 

1. What weight of oxygen is required to react with 
4 gm. of hydrogen to fonn water? 

aH, + O, - aH, 0 . 

2. If 24 gm. of oxygen Js converted into ozone, 0 „ 
what wd^t of the latter gas will be obtained ? 

3. How many tons of tine would be necessary to 
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measured at N.TJ., liberated by the action of sulphuric 
add on 29-35 gm. of common salt 

NaQ + H,SO* - NaHSO, + HQ. 

16. A solution of sodium diloride contains 5 gm. of 
NaQ per litre. What wel^t of. silver chloride would 
be precipitated from 100 c.c, of this solution by the 
addition of excess of silver nitrate solution? 

Naa + A«NO, - Aga j + NaNO,. 

17. 10 tons of a sample of Iron pyrites, FeS*, are 
roasted in air so that all the sulphur is converted into 
sulphur dioxide. The latter b then completely con- 
verted into sulphuric add. What weight of the add 
b obtained? 

18. What weight of carbon monoxide is necessary to 
reduce 16 gm. of ferric oxide to metallic iron? 

F«, 0 , + 3CO - aPe + 3CO,. 

19. What is the maximum weight of calcium car- 
bonate that could be formed by adding 53 lb. of 
anhydrous sodium carbonate to permanently hard 
water (i.e. water containing caldum sulphate) ? 

CaSO, + N»/:X), - + CaCO^ 

20. 10 gm. of ammonia gas are mixed with 10 gm. 
of hydrogen chloride. What weight of ammonium 
chloride will be formed? Whkh gas will be in excess, 
and how many grams of it will be left over? 

NH, + HQ - NH4CI. 

21. A certain white solid b known to be either 
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10. When caldom carbonate, CaC 0 », is strongly 
heated, a residue of caJdum oxide is obtained i 

C*CO, - CaO + CO^ 

On treating caldam oxide with water, it is con- 
verted into caldum hydroxide: 

CaO + H ,0 « Ca(OH)^ 

What weight of caldum hydroxide could be obtained 
from 200 gm. of caldum cartxmate? 

11. By the action of heat on potassium chlorate, 
oxygen is set free: 

sKQO, - aKQ + 3CV 

What weight of oxygen would be given by 10 gm. 
of the chlorate? 

13. What weight of manganese dioodde is necessary 
to set free 213 gm, of chlorine from hydrochloric add? 

MnO, + 4 Ha - Mnd, + aH,0 + O,. 

13. How much (unmfmmTT i nitrate must be heated 
to yield loo gm. of nitrous oxide? 

NH 4 NO, - N.O + aH,0. 

14. If copper sulphate crystals, CoS04.xHj0, 
are carefully healed, the anhydrous sulphate, CoSO*, 
is lefL 10 gm. of the crystals, when so heated, gave 
6*4 gm. of the anhydrous sulphate. What is the 
value of X? 

15. At N.TJP., 36*5 gm. of hydrogen chloride occupy 
22’4 litres. Find the volume of hydrogen chloride, 
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27. A specimen of copiic oxide fa contaminated 
with metallic copper. On reducing in a current of 
hydrogen, 1*25 gm. of Ihe spedmen gave K^g gm. 
copper. Find the percentage by weight of cupric 
oxide in it. 

28. The secretary of the lawn tennis clnb txra^t 
I ton of lawn sand, consisting of a mixture of am- 
monhun sulphate, ferrotB sulphate, and sand. The 
mixture was supposed to contain 45 per cent of am- 
monium sulphate. 10 gm. of it, when boiled with 
excess of caustic soda, yielded 1-05 gm. ammonia. 
Was the perceatage of ammomum sulphate in the 
lawn sand correct, or mcorrect? If the latter, how 
many lb. too little or too much were there in the ton 
of mixture? 

ag. When magnesium carbonate is heated, mag- 
nedtun oxide is left : 

JUgCO, - MgO + CO^ 

^Vhat volume of sulfdmric add solution, cont aining 
20 gm. H,S04 per litre, would be required to convert 
into magpaeahnn sulphate, MgSO,, the magnesium 
03 dde obtained by heating 100 gm. of magnesium 
carbonate? 

30. Aniline, C,HtN, reacts with bromine, Br„ in 
the proportion of one molecule of aniline to three 
molecules of bromine. The density of bromine is 3*2, 
i.e. I cx. of it weighs 3*2 gm. What volume of 
bixjmlne is required to react completely with 10 gm. 
of aniline? 
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potasshmi chlorate or sodium chlorate. loo gm. of 
it, on heating, gave 0*392 gm. of oxygen. Is it the 
sodium salt or the potassium salt? 

22. Six specimens of pure sodium hydroxide, NaOH, 
each weighing 10 gm., are converted completely into 
(u) sodium chloride, NaQ, (&) sodium bromide, NaBr, 
(c) sodium nitrate, NaNO^ (i) sodium nitrite, NaNO|. 
(tf) sodium carbonate, NojCO^ and (/) sodium 
bicarbonate, NaHCO^ Calcnlate the wei^t of each 
product. 

23. A solution of sodium sulphate contains 5 gm. 
NajSO^ per litre. 200 ac, of this solution are mixed 
with excess of barium chloride solution* What weight 
of barium sulphate will be precipitated? 

24. 12*6 gm. of crystalline oxalic add, H,C|04. 
2 Hj| 0, is heated with concentrated sulphuric add 
until completely decomposed aoxirding to the equation : 

H,C,0,.2HP - zHfi + CO + CO,. 

Calculate (a) the weight of carbon monoxide formed, 
and (6) the wdght of the precipitate that would be 
obtained if the whole of the carbon dioxide were passed 
into excess of lime-water. 

25. How many grams of sodium hydroxide are 
required to convert 20 gm. of sodium hj^dre^eu sul- 
phate, NaHSO*, into sodium sulphate, Na^SO,? 
What wd^t of the latter would be formed? 

26. 6-69 gm. of lead monoxide, FbO, is heated in a 
current of hjTirogen nntil it is completely reduced to 
metaL What weight of lead will be left, and what 
wd^t of water will be formed? 
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37. 22'4 litres of aramonia are split np into nitrogen 
and hydrogen: 

2 NH, - n, + 3H,. 

Calculate the weight and the volume of each gas 
so produced. [All volmnes to be measured at 
N.TT’.] 

38. (i) 0"42 gm. of sodium bicarbonate is heated to 
constant weight 1 

2N»HC0, - + H,0 + CO,. 

(h) The residual sodhnn carbonate is then treated 
with dilute hydrochloric add: 

NagCO, + iHQ - aNaa + H,0 + CO,. 
Calculate the volumes, at N.T.P., of the carbon 
dioxide evolved in reactions (t) and (il). 

39. What volume of chlorine, at N.TJ*., could be 
obtained by acting upon 5 gm. of blcaching-powder 
with dilute hydrochloric add? 

CaOCl, + aHQ - Cad, + + Q,. 

40. The specific gravity of alcohol is 078. If 59 c.c. 
of alcohol (C,H, 0 ) were burned, the carbon In it being 
converted into carbon dioxide, what volume of the 
latter gas, measured at N.TJ., would be formed? 

41. 28 gm. of iron is dissolved in dilute sulphuric 
add. Find the volume of hyd ro gen evolved, measured 
at 15® C. 576 mm. 

4a. Calculate the volumes of oxygen (measured at 
27® C. 740 mm.) liberated by the action of heat upon 
(a) 24-5 gm. of potassium chlofate, (6) 2r-3 gm. of 
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Reacting volomes of gases from equations. 

•[N.B. Except where otherwise instructed, assome 
that the GJi.W. of any gas at N.T.P. occupies 22*4 
litres.] 

31. What voltirae of carbon dioxide, at N.T.P., could 
be obtained from 6 gm. of carbon? Would the volume 
of carbon monoxide obtainable from the same weight 
of carbon be equal to, more than, or less than, the 
volume of carbon dioxide obtainable? 

c + o, - co». 
aC + O, - aCO. 

за. Find the volume of hydrogen, at N.TJ*., obtained 
by dissolving 10 kilograms of caldmn, Ca, in water: 

Ca + - OqOH), + 

33, How many c.c. of oxygen, measured at N.TJ*.> 
could be obtained by heating 12*25 8™* o^ potassium 
chlorate? 

aKao, - aKQ + sCV 

34, 4-5 gm. of water is completely decomposed by 
electroIjTO. Calculate the respective volumes of 
hydrogen and oxygen obtained, at N.TJ*. 

35, 3 litres of oxone are treated, to convert the osone 
into oxygen. What volume of the latter gas is formed? 

aO, - 3CV 

зб. 10 gm. of calcium carbonate is strongly heated. 
What volume of carbon dioxide, measured at N.TJ’., 
win be given off? 


CaCO. - C*0 + Cev 
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cnpric sulphide the whole of the copper in 15 gm. of 
copper sulphate crystals, CuS04.5H,0? 

48. Calculate the volume of carbon monoxide 
obtained by heating 10 gm. of formic odd with sul- 
phuric add: 

H.COOH - H,0 + CO. 

At the temperature and presaure at which the volume 
of the gas was measured, i litre of hydrogen weighs 
o-o8 gm. 

49. 8 gm. of fused sodium hydroxide is decomposed 
by electrolyma : 

aNaOH — + (^ -I- H*. 

Calculate the total volume of the oxygen and 
hydrogen produced, assuming that the measurements 
were made at vf C. 700 mm. and that i litre of 
hydn^en at N.T JP. weighs 0-09 gm. 

50. In a Victor Meyer vapour density experiment, 
it was found that 0-233 8*^ liquid gave sufBdent 
vapour to displace 287 c.c. of air, collected over 
water* at 15® C.; the barometer stood at 771 mm. 
Pressure of aqueous vapour at 15® C. 13 mm. 

(I) Calculate the volume of the air at N.Td^. 

(ii) Assuming that i litre of hydrogen at N.TJ*. 
weighs CH>9 gm., find the vapour density and molecular 
weight of the liquid- 

(iii) Supposing that the molecule of the substance 
contains three atoms of carbon, find the weight of 
carbon dioxide that would be obtained on the com- 
bustion of 0^550 gm- of the substance. 
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sodium chlorate, NaClOg, (c) 10*1 gm. of potasshnn 
nitrate. 

fEquatkm for (c): aKNO, - tKNO, + 0 ».] 

43. A specimen of the mineral pyrolusite consifted 
of manganese dioxide and silica. Silica has no action 
on hydrochloric add. On heating 2*00 gm. of the 
pyrolusite with excess of concentrated hydrochloric 
add, 473-8 c.c, chlorine (measured at 12° C, 750 mm.) 
were evolved. Calcolatc the percentage hy weight of 
manganese dioxide in the pyrolusite. 

44. It is required to obtain 100 litres of acetylene, 
CjH, (measured at 27® C, 600 mm,), by the action 
of water on caldum carbide: 

ac. + sh;o - c»(OHi. + c^. 

What weight of the carbide most be used? 

45. Find the volume of hydrogen chloride (measured 
at 18® C. 753 mm.) that could be liberated by the 
action of sulphuric add on 25 gm. of common salt: 

NaQ + - NaHSO, + Ha 

46. One litre of hydrogen at N.TE. weighs 0*09 gm. 
Calculate the volume of hydrogen (measured at 100® C. 
775 mm.) necessary to reduce 1*45 gm, of litharge 
(PbO) to metallic lead: 

PbO + H, - Pt. + H.O. 

47. When hydrogen sulphide is passed into copper 
sulphate solution, cupric sulphide is predpitated; 

CoSO* + - CoS + H,SO«. 

What volume of hydrogen sulphide (measured at 
18® C. 720 mm,) would be required to predpitate as 
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(6) If excess of undiflsolved eolute is not present, a 
supersa tnrated solution (see 4) may be formed, and 
too bigb a value for the solubility might be found. 

5. A saturated solution is a solution that remains 
tiuchanged in the presence of solid solute, neither 
dissolving any of the latter, nor depositing any more 
upon ft. 

4. A supersaturated solution contains a larger weight 
of solute than correapooda to the true solubility. Such 
a solution cannot exist in presence of nndissolved 
solute, and on adding even a minute crystal of the 
latter the solution deposits it* excess of solute im- 
mediately. 

5. A solulriUty curre is a graph drawn by plotting 
the solubilities of a substance in a particnlar solvent 
at various temperatures, against the temperatnres. 


Examples. 

(i) An evaporating dish weired 28*75 gm. empty. 
Some saturated common salt sohitiou was poured into 
it, and the basin and contents were found to weigh 
40*63 gm. The solution was then evaporated to 
dryness, and the basin and residual salt weighed when 
cool; the weight was 31-91 gm. Calculate the solu- 
bility of common salt at the temperature of the 
experiment. 

Wdght of hmrin 4 - lolDtion — 40-63 gm. 

Weight of hagin empty ■■ 2S75 gm. 
veight of aohttkm — gm 



CHAPTER VII 


SOLUBIUTIES AND SOLtTBlUTY CtHlVES 

1, A solution is a bomo^neous mixtnre of two or 
more substances, in which one substance is in notice- 
ably greater proportion than the other or others. 

n we have a solution consisting of a mixture of 
two substances, the substance in excess is called the 
solveni, while the other is called the sduU^ Thus if we 
dissolve some salt in water, the water is the solvent, 
the salt is the solute, and the resnltlng liquid is a 
solution of salt ui water. 

Broadly speaking, we may describe the solvent is 
‘ the sulatance that docs the dissolving ’ and the 
solute as ’ the substance dissolved.’ 

2. The solubility of a substance at a particular 
temperature is the maximum number of grams of it 
that will dissolve, at that temperature, in loo gm. of 
the solvent oancerned. in the presence of excess of 
undissolved solute. 

I4oUs on this definition. 

(fl) Since the solubility of practically all substances 
in practically all solvents varies with the temperature, 
it is necessary to say to what temperature any par- 
ticular figure for the solubility refers, 

64 
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Weight of basin + salt 3 t* 9 i 
Weight of basin empty — *873 gm- 
weight of salt * 3'l6 gto. 

/. weight of water tlut had dissolved 3'i6 gm. salt 

- 11*88 — 3*i6 

— 8*71 gm. 

U 8-7^ gm. water dbsolve 3*16 gm salt, 
then 100 gm. „ „ gm, salt 

- 36 3 gm. 

solubility of salt in water at the t emperatur e of the 
experiment ta 36-3 ym. 

(H) In a determiaatioo of the sohibflity of potassium 
nitrate in water at various temperatures, the result* 
obtained were as follows: 

Ttmp. IS "C. o 10 to 30 40 30 80 7® 

SoUibiiiiy (gm. IQ10| 

in 100 gm, water). 13 »i 31*5 46 64 83 110 14® 

(tf) Plot the soIubUrty curve of potaasiain nitrate 
from 0® to 70®, 

(6) Read from the carve the sohibiUty of potassium 
nitrate at 44°. 

(c) Suppose that you had a solution of 100 gnu 
potassimn nitrate in 100 gm. of water at 60® C., and 
you coaled the solution to 30® C. What wei^it of 
potassium nitrate would you expect to crystalliie out? 

(d) At what tempcratorc is the solubility of 
potassium nitrate in water aj? 

(4) 82 gm. of a solution of potaisimn nitrate 
saturated at 40® C. are cooled to 0® C- Calculate 
the weight of KNO, left in the solution. 
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4- Plot the Bohibility carve of potasshnn nitrate in 

water from the foUcrwing data: 


Trmp*nivrt *C. Solubiliiy in grams 

0 

13-3 

10 

20 -9 

20 

31-6 

40 

63-9 

60 

109-9 

So 

169-0 

100 

246-0 

114 

311-0 

From your carve, find the sohibility of potassium 

nitrate at (tf) 15® C., (6) 54® C., 

W 70° c. 

5. Plot the solubOity corve of calcium hydroxide in 

water from the following data: 


Ttmptraivt *C. 

Soimbilify in grams 

0 

0-183 

10 

0-176 

20 

0-163 

40 

0-141 

(jo 

0-116 

80 

0-094 

100 

0-077 

6. The following figures show the volume of carbon 
dioxide that will dissolve in one volume of water at 
various temperatures. Construct a curve from these 

figures. 


Ttmp*ratuTt *C. Vot. of crnrhon dioxids diuoi 9 *d 

0 

17*3 

5 

1-424 

10 

1-194 

15 

1-019 

0-878 
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If 1387 gm. of the soJutkm sahnuted at 100* (L 
were cooled to ao® C,, weight of crystal* should 
separate? 

a. Plot the solubility curve of sodium chlorate from 
the following data: 


Tfmp^rtturi *C. 

Soltiinhty in grtmx 

0 

82 

to 

99 

•40 

124 

60 

M 7 

So 

176 

100 

233 

120 

333 

If 100 gra. of the solution saturated at 80* were 
cooled to 20®, what weight of sodinin chlorate crystals 

wuld be obtained? 


3. Plot the solubility 
from the following data: 

curve of sodiam sulphate 

Ttmptraiurt 'C. 

ScivbiHty imgrtmt 

0 

5-0 

10 

9-0 

20 

19-4 

30 

40-0 


550 

40 

48-8 

50 

467 

60 

43-3 

70 

44-4 

80 

437 

90 

43 * 

100 

4»-5 

104 

4lt 
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4. Plot the solubility 

curve of potassium nitrate in 

water from the following data: 

Ttmp * r«tvn * C . 

SotubHify i » grams 

0 

13-3 

10 

20^ 

20 

31-6 

40 

63-9 

60 

109-9 

So 

169-0 

100 

X46-0 

“4 

311-0 

From your corve, find the solubility of potassium 
nitrate at (a) 15® C., (6) 54® C., (c) 70® C. 

5. Plot the solubility curve of calchun hydroxide In 
water from the following data: 

Ttmp * r * iia » * C . 

SciuMKiy in grams 

0 

0-183 

10 

0-176 

20 

0-165 

40 

0-141 

60 

0-116 

80 

0094 

100 

0-077 

6. The following figures show the volume of carbon 
dioxide that will dissolve in one volume of water at 

various temperatures, 
figures. 

Construct a curve from these 

T » mp*rahtrt 'C, 

Vol . of carton dioxide iixsciosd 

0 

1713 

3 

1-434 

10 

1-194 

13 

1-019 

30 

0-878 
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If 1387 gm. of the solatlon satnrated at 100® C. 
were cooled to 20® C., weight of crystals should 
separate? 

2 . Plot the solubility curve of sodium chlorate from 
the following data: 


Timp*ratitn *C, 

SclubiiUy in grtms 

0 

82 

20 

99 

40 

124 

60 

>47 

80 

176 

roo 

»33 

120 

335 

If 100 gm. of the solution saturated at 80® were 
cooled to 20®, what weight of sodium chlorate crystals 

would be obtained? 


3. Plot the solubility 
from the following data : 

curve of sodium sulphate 

T*mp^*tur» “C. 

SobiMIUy in grams 

0 

5-0 

10 

9-0 

20 

19*4 

30 

4 <«) 

34 

33-0 

40 

48-8 

50 

46*7 

60 

43*3 

70 

44 '4 

So 

437 

90 

43 ’i . 

100 

43.3 

104 

42-* 
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4. Plot the Bolubility 

curve of potassium nitrate in 

water from the following data: 

Tfmp*raimt *C. 

SolubiUiy grams 

0 

I 3'3 

10 

20-9 

20 

31-6 

40 

63-9 

Go 

1099 

80 

169-0 

100 

246-0 

II4 

3110 

From your curve, find the solubility of potassium 
mtxate at (a) 15® C., (6) 54® C, (c) 70® C. 

5. Plot the solubility curve of caJdum hydroxide in 
water from the following data: 

Tfmp 4 r\itvrt *C. 

SoittbtJiJy in grams 

0 

0-185 

10 

0-176 

20 

0-165 

40 

0-141 

Go 

0-116 

80 

0-094 

100 

0*077 

6. The following figures show the volume of carbon 
dioxide that will dissolve in one volume of water at 

various temperatures, 
figures. 

Construct a curve from these 

Ttmptratitn °C. 

Voi. of cation iioxids ditsotmd 

0 

1*713 

5 

1-424 

10 

I-I 94 

13 

I-OI9 

30 

0-878 
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Ttmperaturt 'C. 

VoJ of carbon iioxide iissohU 

25 

0759 

30 


40 

0-330 

50 

0-435 • 

60 

0-359 

7. Plot the solubility curve of chlorine in water 
from the following data: 

Ttmptndiirt *C. 

SolnhUify in gramx 

0 

1-46 

6 

i-o8 

10 

0-98 

13 

0-84 

*5 

0-64 

30 

0-57 

40 

0-46 

50 

0-39 

60 

0-33 

70 

o*x8 

80 

O'M 

90 

0-13 

xoo 

0-00 

8. At 14® C., the 

spedflc gravity of saturated 


ammonia solution is 0’884. lo c,c. of this solution 
were made up to aoo c.c. with distilled water, and 
20 c.c. of the liquid was treated against normal sol- 
j^uric add. It was found that 18*7 c-c. of the latter 
were required- Calculate the solubility of arnmorua 
in water at 14'' C. 



CHAPTER Vin 


GAS AHALYBIS 

iX -Liusac’i Law, or Tlie L«w of Gueous 
Volumet, or The Lew of tho Combination of Gues by 
Volume . — When gates r&act together, the vciumes in 
vhkh they do so are in a simple raiio io one another, 
and also to the volume of the product if that is gaseous. 

Illusthations. 

{a) 1 volume of oxygen combines with 2 volomea of 
carbon monoxide to form 2 volumes of carbon dioxide. 

( 5 ) 2 volumes of hj^irogen combine with i volume 
of o xyge n to form liquid water, or, if the temperature 
is above 100 2 volumes of steam. 

(c) 2 volumes of ammonia, on decomposition by 
electric sparks, give i volume of nitrogen and 3 volumes 
of hydrogen. 

(J) I volume of ammonia combines with i volume 
of hydrogen chloride to fonn ammonium chloride 
(loUd). 

(tf) I volume of hydre^jen combines with i volume 
of chlorine to form 2 volumes of hydrogen chloride 
(hydrochloric add gas). 

3. ATO^adro’i Hypotheib . — EjuaJ volttmet of all 
71 
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gaus under the utme conditions of temperaiure ard 
pressttre contain the same number of molecuUs. 

Conversely, equal numbers of molecules of gases, at 
the same temperature and pressure, occupy equal 
volumes. 

3. In the analysis of gas mixtures, carbon dioxide 
and sulphur dioxide are frequently absorbed by sodium 
hydroxide solution, carbon monoxide by ammoniaral 
cuprous chloride solution, and oxygen by alkaline 
pyrogallol. \NoU that alkaline pyrogallol will absorb 
carbon dioxide and sulphur dioxide, so that in 
analysing e.g. a mixture of carbon dioxide,. o^Tgen, 
and nitrogen, the volume of carbon dkodde would first 
be ascertained, by observing the reduction in volume 
on addition of NaOH solution, and the volume of 
oxygen ( •« diminution in volume on shaking with 
alkaline pyrogallol) would be detennined afler the 
carbon dioxide had been removed.] 

4, Gas analysis is often efiected by explosion, or, 
to use the clastical term, by ' eudiometry.' A eudio- 
meter is a graduated tube made of stout glara and 
dosed at one end. Two wires are fixed into the tube, 
in such a way that a spark can be passed between them 
through the gas or gases in the tube. 

On sparking with ox5fgen: (x) hydrogen yields water: 
aH, + O, — H/); 

(fc) carbon monoxid* yields carbon dioxide: 
aCO + O, - aCO,; 

(c) gaseous kydrocarbont yield carbon dioxide and 
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water (below 100® C.) or carbon dioxide and steam 
(above 100" C.) : 

CtH> + (» +-?)0,-*C0, 

(i) ammonia yields nitrogen and water (below 100®) 
or steam (above 100®) : 

4NH, + 3O, - 2N, + 6H,0; 

(tf) nitrogen remains unchanged under the conditions 
of the experiment. [Continued sparking will cause 
some combination, but in eudiometiy only one or two 
sparks are passed — just enough to explode an ex- 
plosive mixtore.] 

If air is used to supply the oxygen, it may be taken 
(in the absence of instoictlons to the contrary) that the 
composition of air is 2i per cent oxygen and 79 per 
cent- nitrogen by volrane- This a pproxim ation is 
usually sufficiently close for eudiometric work- 

5. The molecular weight in grams (GJLW.) of anj 
gas at N.TJ. occupies a3-4 litres. Alternatively, thi< 
may be expressed by saying that the gram molecular 
volume (G JLV.) of any gas at N.TJ*. is 22-4 litres. 

Note that, on the oxygen standard of atomic weights 
(0 — i6ixx)), to which the above figure of 22*4 refers, 
the atomic weight of hydn^ca is i*oo8, not i-ooo. To 
occupy 22-4 litres at N.TJ*., therefore, a*oi6 gm. of 
hydrogen are required. The difference between the 
volume of a gm. of hydrogen at N.T.P. (22*2 litres) and 
that of aor6 gm. (22*4 litres) is not negligible, but, 
unless yon are told to use 22*2 litres as the G.lf.V. of 
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hydrogen (or arc given data ^ich come to the same 
I litre of hydrogen at N.T.P. weighs 0-09 
gm.*) yon should always take the GJiLV. of any gas 
at N.T.P. as 22*4 litres. 

6. Graham'i Law of the Diffusion of Gases.— TTw 
relaiiva raUs of diffusion of gases ars inveruiy proper- 
{tonal to tJis square tools of their dtnsiiies. 



Examples. 

(i) The formula of the gaseous compound carbon 
sutexide is C,CV What would be the weight of ii'2 
litres of it atN.TJ^.? 


The GALV. 133x12+1x16— 68 gm. 

68 gm. at N.TP. occupy a2*4 litre*. 

.*. IT'S litres, which is half 2i'4 litres, win weigh 34 g°^ 


(ii) What would be the volume of 10 gm. of flTjiTnnnia 
at N.TJ',? 

The fommla for ammonia is NH,; therefore its 
molecular wei^^t is 17. Hence; 


17 gm. ammonia at N-T-P. oor up y 21*4 Htres, 


10 gm. 


17 

M 13-2 Htree. 


(iff) The molecular weight of a certain gas is 81. 
How many grams of it would occupy the same vohune 
as 25 gm. of hydrogen chloride, under the same con- 
ditions of temperature and pressure? 
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StTifti all gases obey the same gas laws, and since the 
conditions of temperatnre and pnessure are stated to 
be the same for both gases, it is unnecessary to know 
what they are. 

The molecular wei^t of hydrogen chloride, HQ, is 
36-5. Therefore 81 gm, of the given gas occupy the 
same volume as 36*5 gm. of hydrogen chloride- 

If 36*5 gm. bydit>gBn' chkfdde <xcnpy the nine Tolame u 
81 gm. of the gu, 

than 33 gm hydrogen chloride occupy the leme Tolome ai 
Si X 33 

36-3 

- 35-3 gm. Of the ina. 

(iv) What volume of nitrogen would be left if an 
iron wire were heated in 100 c.c. of nitrons oxide and 
the residual gas brought to the original temperature 
and pressure? 

The iron forms iron oxide, which is a solid; its 
volume may therefore be Defected. 

The effective equation is: 

N ,0 + tron — N, + fron caddo, 

I moIccoliB of nitron* oxide yield* i TnnWnTi-. of nitrognL 
by Avogadro'i Hypotheeb, 

1 Tohime oi nttroni oxide yield* i Tolnmo of nitrogen. 

100 c,c. of n lUuiu oxide yield 100 c,c. of n t ta o gen. 

100 C.C. of nitrogen. 

(v) What volume of nitrogen would be left if 100 c.c. 
of nitric oxide (NO) were treated in the same way? 

sNO -f lion V iron oxide + 

3 mokcolfi* of nitric oxide yield 1 molecnle of nitrogen. 
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by A\‘Ogadro’t Hypotbt*!*. ’ 

a Tolames of nitric oxido yiebl i volnmo of nitrogen- 
loo cx of nitric oxldo yield 30 cx. of ni tr ogen. 

30 C.C. of nitrogeit. 

(vi) If 100 C.C. of nitric oxide were split up into 
nitrogen and oxygen, what would be the volume of the 
residual mixture? 

aNO - N, + 0 „ 

a molecnleg of nitric oxide give i molecule of nitrogen and 
1 molecule of oxygen. 

by Avt^ndro’i HypotheaU, 

a volume* of nitric oxide give i volume of nitrogen and 
I Tolumo of oxygen. 

100 cx, of nitric oxide give 50 cc, of nitrogen and 
50 cx, of oxygen. 

total volume of leddual mixture —50 + 5® 

(vil) What volume of oj^^gen would be required to 
bum 20 c.c. of methane, CH4? 

CH4 + aO, - CO, + *H, 0 . 

I molecule of methane require* a molecules of oxygon, 
by Avogadpo'a Hypotheda, 

I vohnne of methane requires 3 volomea of oxygen, 
ao c,c. of methane require 40 c.c. of oxygen. 

40 C.O. of oxygen . 

(viii) 50 CX. of hydrogen were mixed with 100 c-c, of 
air, and the mixture was exploded. If air contains 
21 per cent of oxygen by volume, what was the volume 
and compositiem of the residual gas? 

*H, + O, - 

a of hydr ogen re q uire 1 molecule of oxygen, and 
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giro vtetm. wiiicli« dues tbs teuipeimtnre li not ststed to bs 
above ioo° C., we may pretmns condecasea to Uqaid water. 

By Avogadro'i Hypotheali, 

I volome of oxygen re qolr ee a vobrnwa of hydrogen- 
ti cx, of oxyg e n reqofcre 4a c.c. of hydrogen- 
FTiwai there wffl be 50 — 4a 

— 8 cx. of hydrogen left; 
and there will also be left 100 ^ ai 

— 79 0.x of nltro g ea . 

the retidual gas is a mixture of 8 cx. of hydrogen with 
79 xc. of nltrogea. 

px) 7-5 C.C. of a hydrocarbon wore mixed with 
36 C.C, of oxygen and the miitnre was exploded. The 
resulting gases occupied 08*5 c.c. On adding caustic 
soda solution, 15 c,c. of the gas were absorbed, and the 
remaining gas was completely absorbed by alkaline 
pyrogaflol. Find the formula of the gas. [All measure- 
ments were taken at 15* C. 740 mm,] 

Since the experiment was performed under conditions 
of temperature and pre s s ur e at which the steam pro- 
duced would condense, the residual gases consisted of 
carbon dioxide and oxygen only. The volume of the 
carbon dioxide formed (diminution on adding caustic 
■oda) was 15 c.c., and the volume of unused oxygen 
was 38*5— 15 xc. (diminution on adding alkaline pyro- 
gallol). Hence volume of oxy g en used — 36— 13-5 
— 23*5 cx. 

7-3 cx. of the hydrocarbon roqnirod xx oxy gnu and 
yielded 13 xx caibon dkzxide, 
by ATogadto’a Hypotbed*, 

I molecole of the hydrocarbon required 3 mniwTiiff of 
oxygen and gave 2 molecnlei of carbon 
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Bnt each molecale of carbon dioxide, CO» coctalna i atom 
of carbon, 

the formnla for the hydrocarbon Is C|H^ 

Carbon dioxide contains its own vohune of oxygen, 
hence i molecnlo of the hydrocarbon reqtrires a 
molecules of oxygen to convert its carbon into carbon 
dioxide. Bnt i molecule of the hydrocarbon required 
3 molecnles of oxygen altogether; hence the third 
molecule of oxygen must haw been used in converting 
the hydrogen of the hydrocarbon into water. 

Bnt one molecnlo of oxyg e n wlD combine wfth 2 moJecnlco 
of hydrogen, 

- 4 

and the foimnU is C|H^ 

(x) The density of oxygen is 16; that of hjfdrogen 
ia I. How many c.c. of hydrogen will diffuse in the 
same time that 15 c.c, of oxygen diffuse (under the 
same conditions) ? 

R ^/D' 

le " 

Let R bo the rate of riHTrwVwi of hydrogen, and R' that of 
ox y g en ; lot D bo the density of hydrogen, and D' that of 
oocygen. 

Then R 4 

Hence hydrogen diffnaos four thnew u fast as oxygon, so that 
60 C.C. erf hydrogen will diffnae In the Mma as 15 c,c, of 
oxygen. 

60 C.Q. 

(xi) A gas is found to diffuse at two-thirds the rate 
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at whicli oxygen diffuses. If the density of oxygen is 
i6, what is the density of the gas? 


Let K rate of rfiff nirfitn of the gu umI D •- iti demlty 
let R' ■■ rate of dfffnakjn of ox yg en and ly fta denaity. 

Then J _ V'i 6 

I ” .y/D 

y/D - 6 

/. D — 6 X 6 »« 36. 

(xii) The rates of diffuaion of carbon dioxide and 
oxone are approximately as 2*9 : 271. If the molecular 
wel^t of carbon dioxide is 44, what is the ILW. 
of ozone? 

M.W. —ax vapotir denifty. 

VJ). of carbon dlozido — 21. 


Let R •> rats of dlSaskn of carbon dioxide and D — Its 
va p o ur density ; and let R' — rate of difinslon of oxooe "^1 ly 
its vapour density. 

Then »*9 x/D* 


. 2-9 X a-g _ ^ 

“ 271 X 271 ” 22 

D' — 23-2. 

molecular weight of orone — 23*2 x a 

- 30*4. 
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Problems. 


1. What is the weight of 22*4 litres of each of the 
following gases, at N.T.P.? 

(I) Ammonia, NH,; 

(il) Snlphar dioxide, SO,; 

{lii} Nitric oxide. NO; 

(iv) Nitrons oxide, N, 0 ; 

(v) Hydrogen chloride, HCl; 

(vl) Cwbon monoxide. CO; 

(vli) Carbon dioxide, COi: 

(viil) Chlorine, Q,; 

(fac) Oxygen, O,; 

(x) Oeone. Of 

2. What is the volume, at N.T.P., of: 

(!) 8'5 gm. oi ammonia. NH,; 

(II) 71 gm. o! chlorine. Cl,; 

(iu) 36s gm. of hydrogen chloride, HQ; 

(Iv) 9-6 gm. of otone, O,; 

(v) 14 gm. of ethylene, CtH,; 

(vi) 14 gm. of carbon monoxide, CO; 

(vU) X3'3 gm. of carbon dioxide, CO,; 

(vill) 68 gm. of hydrogen aolphlde, H,S; 

(lx) 17 gm. of hydrogen bromide, HBr; 

(x) 40 gm. of hftHnm, He ? 

. 3. What volume of nitrogen, at N.T.P., could be 
obtained from 100 c.c. of the following gases: 

' (I) Ammonia, NH,; 

(^ Nitric oxide, NO; 

(lU) Nltroos oxide, N, 0 ; 

(iv) Methylamine, CH,N; 

(v) Nltrosyl flooride, NOF? 
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4. What volume of hydrogen, at N.TJP., could be 
obtained from 100 c,c. of the friUowing gases: 

(i) MirthiiKi, CH4; 

(H) Ethtrni, CiH^; 

(Ilf) Propcoe, C^H*: 

(ir) Acetylene, C(H|; 

(v) Plioeplibie, PH,; 

(vl) Hydrogen iodide, HI; 

(vii) Ethyl cliloride. CiH.a; 

(tIH) Methyl chloride, CH/ 3 ; 

(li) Farmildehyde, CH, 0 ; 

(x) MethyUmlne, CH,N? 

5. Find the wei^t, at N.TJ.. of: 

(i) II3 lib«« of oxygen, O,; 

(hj 673 litre* of chlorine. C^; 

(tU) 5'< litre* ol nitrogen, N,; 

(h/j ll&q of tmoirmift. ITO,; 

(v) 3*36 UOet of carbon dioxide, CO,: 

(vl) 3x4 C.C. of carbon monoxide, CO; 

(ril) i*i2 C.C, of krypton. Kr; 

(vtil) 3240 Utrei of hydrogen chlodde, HQ; 

(ix) 23*4 litre* of flaotine, P,; 

(i) 136-8 litre* of hydrogen anlphide, H,S. 

6. 10 gm. of a certain gas at N.T.P. occupied 4-44 
litres. What is its molecular weight? 

7. 26 gm, of gas were found to occupy the same 
vohime as g gm. of ammonia tmder the same conditions 
of temperature and pressure. What Is the G.M.W. 
of the gas? 

8. Three litres of ammonia were partially decom- 
posed into nitrogen and h5^drogen by continued spark- 
ing. If 98 per cent of the ammonia was thus split up, 

o 
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calculate the volume and composition of the remaining 
gas. [All measurements made at the same tempera- 
ture and pressure.] 

9. 100 C.C. of a mixture of nitrogen and oxygen were 
mixed with excess of hydrogen and the mixture was 
exploded. A diminution in volume of 63 c.c. occurred. 
MTiat was the composition of the mixture? [AH 
measurements at 15“ C. 760 mm.] 

10. A mixture of nitrogen and hydrogen, occupying 
50 C.C., was mixed with 50 c,c. of oxygen and the 
mixture was exploded. The residual gases occuped 
40 ac., of which 30 c-c. were absorbed by alkaline 
pyrogaUol. Calculate the percentage by volume of 
hjfdrogen in the original mixture. [All measurements 
at 15® C. 755 mm.] 

11. iooc.c,ofairweremixedwith6oc.c.ofhydrc^ren 

and the mi xtur e was exploded- Calculate the volume 
and composition of the residual gas; («) if the whole 
experiment were conducted at room temperature and 
pressure, and (6) if it were conducted at such a tem- 
perature and pressure that the steam formed did 
not condense. 

la. A mixture of ozone and oxygen occupies 50 c.c. 
On beating, to convert the ozone into oxygen, 
and bringing the gas to the original temperature 
and pressure, the volume increased to 51 c.c. What 
was the percentage by volume of cacme in the 
mixture? 

13. 10 c-c. of a mixture of methane, CH*, and 
nitrogen was sparked with excess of oxygen. The 
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vohime of carbon dioxide formed was 8’5 c,c. Find 
the composdtion of the mixture by volume. 

14. 25 c,c. of a mixture of carbon monoxide and 

carbon dioxide diminiahed in volrane by 10 c,c. on 
nhnVhig with caustic potash solution- Find the 
percentage compositian of the by volume. 

15. 15 c-c. of a gaseous hydrocarbon required for 
complete combustion 45 c.c. of oxygen, and yielded 
30 C.C. of carbon dioxide. Calculate the formula of 
the hydrocarbon. 

16. 13 C-c. of a gaseous hydrocarbon required for 
complete combustion 60 c-c. of oxygen, and yielded 
36 C.C, of carbon dioxide. Calculate the formula of 
the hydrocarbon. 

17. 10 C.C. of a gaseous hydrocarbon were exploded 
with 40 C.C. of oxygen. The residual gases occupied 
33 C.C., and this volume diminshed to 15 c-c. on addition 
of caustic soda solution. Assuming tha t all measure- 
ments were made at 15* C. 750 mm. , calculate the 
formula of the hydrocarbon. 

18. Find the composltJon of a mir iiTT n of carbon 
monoxide, hydrogen, and nitro^n from the following 
data: 33 c.c. of the mixture, on explosion with excess 
of oxygen, gave 33 c.c. of residual gas. Of the latter, 
13 C.C. were absorbed by potash and a further 13 c,c. 
by allraline pyrogalloL All measurements were maHA 
at room temperature and pressure. 

19. A gas is found to diffuse at three-quarters of 
the rate at which oxygen diffuses. If the vapour 
density of oxygen is 16, what is the M.W. of the gas? 
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20. How many c.c, of helium will diffuse in the 
same time that lo c.c. of hydrogen bromide diffose, 
under the same conditions? 

21. The rates of diffusion of oxygen and methyl 
chloride are approximately in the ratio of 5 , : 4. If 
the molecular wdgiit of oxj'gen is 32, what is the 
approximate molecular wei^t of methyi chloride? 



CHAPTER IX 


VOLtnCETRIC ANALYSIS 

1. A rtandird solution is a sohition vrhose concen- 
tration is known. 

2. A normal solution is a solution i litre (looo ac.) 
of ^rtiidi contains the gram-equivalent of the dissolved 
substance. It is usually written as ^TEEgSO*. N 
caustic soda, etc. 

Dednonnal, seml-nonnal, twice Dormal, etc., solu- 
tions {N/io, Nj2, 2N) are respectively one-tenth, 
one-half, and twice, etc., the concentration of normal 
solntlons. 

3. Equal volumes of solutions of the same nor- 
mality will exadfy react with one another. 

Exaaifles. 

C'*) 3 ^ of N HQ require 367 c,c. N NaOH, 
367 c,c. N KOH, 367 C.C- N Na*CO^ etc. 

(6) 27*8 c.c, of N HfSO* will neutralize just the same 
volume of a solution of an alkali as will 27-8 c.c. N 
HQ or 27*8 C.C. of any other normal add solution. 

4. Stnengtiis of common normai sofutfbns: 

8s 
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Substanc^ 

Gm.furLiinia 

Nen^SotuHen 

Salphorlc add, HfSOi 


49 

Hydrochloric odd, HCI 


3^5 

Nitric add. HNO, 


63 

Potaadom hydroddo, KOH 


56 

Sodium bydroxldo, NaOH . 


40 

Sodium carbonate anhydrous, Na,COa 
Washing soda (aodiom cartx^te 

deca- 

33 

hydrate), NatCO^ioH.O . 


143 

Oxalic odd oyrtais (dihydrate), HiC^4.sH,0 

63 

Oxalic add anhydrooi, HfC |04 


43 


5. Titrations between the above adds and KOH 
orNaOH: 

Use liitnus as Indicator. 

Titrations between the above adds and Na*CO*: 

Use liitnus as indicator and boil solntion to 
remove carbonic add as carbon dioxide, or 
Use oremgs as indicator (onaffected by 

carbonic add, HjCO,). 

6. The basidty of an add is the number of hydrogen 
atoms, replaceable by a metal, contained in one 
molecule of the add. The molscvlar veighi of an add 
is thus numerically equal to the equivalent x basiafy. 

Examples. 

(a) 3*12 gm. of a solid add were dissolved in distilled 
water and made up to 250 c.c. It was found tliat 
14-8 C.C. of the add sohrtian were required to neutralise 
20 C.C. of dednonnal sodium hydroxide solution. 
Calculate the normality of the add solution and the 
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equivalent of the add- If the baaidty of the add is 
a, what is its molecular weight? 

If the add sohitlon had been N /lo, the voinme of It required 
to ueutrallie ao c,c. of N/10 eodlmn hydroxide would have 
been 20 c-c. But only 14-8 c.c. were required, 

■Iren gth of add aohitkm ifl x N jio, 

Le. i'35 timei dednonnal- 

If 2*12 gm. in 230 c.c. (ie. 8-48 gm. per litre) is x N /lo, 

.... 8-48 X 14*8 rm. 

tfaeuN/ioi* — T per litre 

■■ 6-28 gm. per litre. 

But a dednormal solution of the add contains one- 
tenth of the gram equivalent per litre; 

gram equivaleot » 10 x 6 ^S 
— fr2‘8 gm. 
equivalent — 62*8 . 

Also, M.W. — equivalest x baMdty. 

But the baaidty b atated to be 2. 

M.W. - I25-6. 

. (5) 25 c-C, of a solution of ammonium chloride were 
boiled with 50 c.c. N caustic potash till all the am- 
monia was driven off. The residual caustic potash 
required 23*6 c.c. N sulphuric add to neutralize iL 
Calculate the strength of the ammonium chloride 
solution in gm. per litre. [Ni=»i4; H— r;Q — 
33-5; K .= 39; 0 - 16.] 

JSgwaffoil * 

NHp + KOH - KQ + NH, + H,0 
33-5 56 

I litre of N KOH n 33*3 gm. NH4a 
(36 gm. per litre) 

I ox. N ea I cx. N KOH 

23-6 cx. N Ha 23-6 C.C. KOH 

volnm© N KOH uaed ■■ 26*4 cx. 
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But looo C.C. N KOH ■= 33-3 gm. NH,a 

26-4C.C.NKOH ns ™. NH.a. 

1000 ® 

This ii the weight of ammonium chloride in 25 ex. of the 
ammonlom chloride eotntioQ. 

tirength of this solution in gm. per litre 

« 33-5 X 26-4 1000 

1000 25 

-' 56 - 5 gm. 

The strength of the ammonium rhVrrtd w solotioii is 3&'J 
gm. per litre, 

[In terms of normality, this wonld be 

33*5 

(c) What volume of normal hydrochloric add would 
be required to liberate 250 c,c. carbon dioxide 
(measured at N.TJ*.) from sodium bicarbonate? What' 
weight of sodium bicarbonate would be needed ? 
[Na — 33, H => i; C — 13; O — 16; Q — 35*S*] 


Squsiicn: 

Ha + NaHCO, - Naa + H ,0 + CO, 

3d'5 84 »2'4 litre* at N.TJP. 

If 22*4 litres CO, are yielded by 84 gm. sodhzm blcarboiiBte, 

250 C.C, CO, are yielded by ^ 

^ 22,400 

“ 0*94 gm, Bodimn bicarbonate . 

Also, I Htre of N HQ llberatse 22*4 litres CO, at N.TJ*. 

If 22*4 litre* CO, are liberated by i litre N HO, then 250 o,c. 

CO, are liberated by ^°°° ^ c.c. N HQ 
22.400 

— ii'2 C.C. ff hydrochloric add. 


I. Express the strengths of normal solutions of the 
following substances in grams per litre: 

{a) Salpharic arid. H,SO,: 

(J) Hydrochkirlc add, HQ; 
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(c) Nitric add, HNO,: 

(i) Sodiam hydroxide, NaOH; 

(#) Potajamin hydroxide, KOH; 

(J) Sodhnn carbonate, Na,CO, (anhydrous) ; 

Sodiam carbonate docahydrato,Na*CO|.loH ,0 {waahlng- 
•oda); 

(A) Oxalic add. (anhydrous) ; 

(») OiaHc add dIhydrate,H/l/)4.aH/3 (oxalic add crystals). 

а. Express the strengths of ttie following solutions 
in terms of normality: 

(а) Snlphurio add, 4^ gm. H,SO* per Htro; 

(б) Hydrochloric add, 73 gin, HCl per litre; 

(c) Nitric add. 63 gm. per litre; 

(d) Nitric acid, n-6 gm, per litre; 

(•) Sodium hydroxide, 5^ gm. per litre; 

(/) Canatic potash, iix gm. per Ihre; 

(f) Sodium carbonate, 10^ gm. anhydrooa salt per litre; 

(A) Oxalic add, 50 gm. achydrooa add per litre; 

{{) Oxalic add, 50 gm. crywtalUne dlbydrate per litae. 

3. The molecular wei^t of an add is lao and its 
basidty is a. What is the strength of a decinormal 
solution of it, in grams per litre? 

4. A decinormal soixition of a tiibasic add contains 
7-5 gm. of the add per litre. What is the molecular 
weight of the add? 

5. How many c.c. of N/10 sodium hydroxide are 
required to neutralize 10 c.c. of (a) dednormal camphor- 
sulphuric add (6) 10 ac. of N oxalic add, (c) N/^ 
hydrochloric add, (<f) 2N sulphuric add, (e) seminonnal 
nitric add? 

б. The equivalent of ammonia is 17. 28 c,c. of 
N/10 hydrochloric add were required to neutralize 
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25 c.c. of a solution of ammonia. Calcalate tte 
strength of the ammonia solution in tenns of normality, 

and in grams of ammonia per litre. 

7. The formula of sodium bisulphate is 

the substance behaves as a monobasic aad. ^ 
many grains of it would be required to neutrahJ^ 
same volume of normal potassium hydroxide sol^ 
as is neutraliicd by 150 c.c. of nitric ndd containing 
63 gm. HNO, per litre? 

8. Some lime-water contains i-o gm. o 
hydroxide per litre. 50 c.c. of it are found to neu^ 
35 c.c. of a solution of hydrochloric add. Calcolate 
the strength of the hydrochloric . 

normaUty. The formula for caldum hy^nde 
Ca{OH)t and its equivalent is half its molecular wogs 
q. A laboratory assistant was told to make up 
dednomud solndon of caustic soda, but ^ 

tion was tested by titration against N/IO add, it rm 
found that ao c.c. of the alkali required ao-4 c.c 01 m 
add. If the assistant has 10 litres of the ca^c ^ 
solution left, how much distOled water must he add to 
it to make it exactly dednormal? 

10. 25 C.C. of caustic soda solution, contalnmg 
50 gm. NaOH per litre, neuriall^ 
solution of nitric add containing 6-3 gnu HN , ^ 

Utre. How many grains of nitric add will neatralire 

1*0 CTCU of caostic soda? 

A A spedmen of anhydrous sodium carbonate ^ 
^entaHy allowed to get rather itop- 6^°' ^ 
damp specimen was dissolved in water and made up to 
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I litre. 35 C.C. of this solution required 37-5 c.c. of 
N /lo add for neutrali^atioiL Calculate the percentage 
by weight of water in the damp specimen. 

12. 0-35 gm. of potassium bicarbonate neutralires 
15-0 C.C, of N /6 hydrochloric add. What is the 
equivalent of potassium bicarbonate? 

13. 1*0 gm. of Iceland spar (caldum carbonate) was 
dissolved in 50 c,c. of normal nitric add. To neutralise 
the excess of add, 30 c.c. of normal alkali were required. 
What is the equivalent of Iceland spar? 

14. 2'5 guL of a mixture of magnesium oxide and 
sand was added to 300 c.c. of normal hydrochloric add. 
It was found that 37-5 c.c. of normal sodium hydroxide 
were required to neutralico a quarter of the resulting 
liquid- What percentage by wdght of magnesium 
oxide did the mir ture contain? 

15. 0-088 gm. magneshun was dissolved in 100 c.c, 
of dednormal sulphuric add. To neutralise the 
excess of add, 13-8 c-c. of N/$ nllraTi were required. 
Calculate the equivalent of magnesium. 

16. Calculate the percentage composition by weight 
of a Tnii tiim of sodium chloride and ammonium 
chloride from the following data: 1-50 gm. of the 
mixture was boiled with 50 c,c. of normal caustic 
potash \mtil all the ammonia was driven ofi. To 
neutmliio the imused alkali, 34-6 c-c. of normal add 
were required. 

17. 075 gm. of a salt known to bo either ammonium 
chloride or ammonium sulphate was boiled with 30 c.c. 
of normal caustic soda until all the ammonia was 
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25 c.c. of a solution of ammonia. Cakolate tlifi 
strength of the ammonia solution in terras of nonuali^, 
and in grams of ammonia per litre, 

7. The formula of sodium bzsulphate is NaHS04, and 
the substance bcha^'cs as a monobasic add. How 
many grams of it would be required to neutralise the 
tame x’olumc of normal potassium hydroxide sohitioJi 
as is neutralized by 150 c,c. of nitric add containing 
63 gm. HNO, per litre? 

8. Some lime-u-atcr contains i*o gm. of cakhun 
hydroxide per litre. 50 c.c. of it arc found to neutralise 
35 c.c, of a solution of hydrochloric add. Calculate 
the strength of the hydrochloric add in terms of 
Donnality. The formula for caldum hydroxide is 
Ca(OH)|, and its equivalent is half its molecular weight 

9. A laboratory assistant \vas told to make up a 
dednormal solution of caustic soda, but when the solu- 
tion was tested by titration against N/io add, it was 
found that 20 c.c. of the alkali required 20*4 c.c. of the 
acid. If the assistant has 10 litres of the caustic soda 
solution left, how much distilled water must he add to 
it to make it exactly dednomial? 

10. 25 C.C. of caustic soda solution, containing 
50 gm. NaOH per litre, neutralized 31-3 c-c. of a 
solution of nitric add containing 6*3 gm. HNO, per 
litre. How many grams of nitric add will neutralize 
1*0 gm. of caustic soda? 

11. A spedmen of anhydrous sodium carbonate was 
acddentally allowed to get rather damp. 6 gm. of the 
damp specimen was dissolved in water and made up to 
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0*56 gm. of the compound was treated in thk way ‘and 
the ammonia was collected in 50 c.c, of N/5 sulphuric 
add. To neutralize the excess of add, 6*a c.c. of N/s 
nlVnli were required. What Is the percentage by 
weight of nitrc^en in the compound? 

24. To neutralize a solution made by dissolving 
a-oo gm. of a mixture of anhydrous sodium carbonate 
and anhydrous potaadum carbonate in water, 33*4 c.c. 
of normal nitric add were required. How much 
sodium carbonate was there in the a-oo gm. of the 
mixture? 
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driven oR. To Tieutraloc the excess of alknli, c.c. 
of normal nitric add w'erc used. Which is the salt; 
the chloride or the sulphate? How much alkali wooH 
075 gm. of the other salt have required? 

18. To neutralize 10 gm. of a saturated solutiou of 
sodium carbonate dccahydmtc, NaiCO*,ioH,0, at 20* 
C., 1505 c.c. of //-hydrochloric acid were required 
What is the solubility of sodium carbonate decahydrate 
at this temperature? 

19- 0-93 gm. of a hydrated form of sodium carbonate, 
Na,C 0 a.tH, 0 . required 15*0 c.c. of nomal add for 
neutralization. Calculate the value of x. 

20. ^Vhat weight of o.xalic add crystals, 

•would be r«?quirod to make 50 c.c. of a normal solution 
of the acid? How much water should be added to 
convert the 50 c.c. of normal acid into a dednonnal 
solution? 

21. It is desired to make up an suxmrately dea- 
normal solution of sodium carbonate, NafCO,, from a 
spedraen of the anhydrous substance contaminated 
with 8 per cent of common salt, NaCi. How much of 
the substance should be weighed out in order to make 
350 c.c. of the required solution? 

22. 6*0 gm. of on acid were dissolved in water and 
made up to zoo c.c. To neutralite 25 c.c, of caustic 
soda solution, containing 4 gm. NaOH per litre, 11-3 
c.c, of the add solution were required. What is the , 
eqnivaicnt of the add? 

23. In the analysis of a certain compound containing 
nitrogen, the latter was converted into ammonia. 
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0-56 gm. of the cxunpound was treated in thia way and 
the anunoma was collected in 50 c.c. of N/$ sulphuric 
add. To neutralise the excess of add, 6*3 c,c. of N/S 
alkali were required. What is the percentage by 
weight of nitrogen in the compound? 

24. To neutralise a solution made by dissolving 
2*00 gm. of a mixture of anhydrous sodhmi carbonate 
and anhydrous potassium carbonate in water, 33*4 c-c. 
of normal nitric add were required. How much 
sodium carbonate was there in the 2-00 gm, of the 
mixture? 
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driven off. To neutralize the excess of alkali 18*6 C.C, 
of normal nitric acid Nvere used WTiich is the salt: 
the chloride or the sulphate? How much alkali would 
075 gm, of the other salt have required? 

18. To neutralize 10 gm. of a saturated sofuticn of 
sodium carbonate dccahydrate. NsjCO^oH^O, at 20® 
C., 15‘05 c.c. of N-hj'drochloric add were required 
What is the solubility of sodium carbonate decahydrate 
at this temperature? 

19. 0-93 gm. of a hydrated form of sodium caihonate, 
Na^COa-zHjO, required 15-0 c.c. of normal add for 
neutralization. Calculate the value of x. 

20. U'hat weight of o.Kalic add crystals, H|C,0<.2 Hi0, 

would be required to make 50 c.c. of a normal solutkm 
of the acid? How much water should be added to 
convert the 50 c.c. of normal acid into a dednonnal 
solution? 

21. It is desired to make up an accurately ded- 
normal solution of sodium carbonate, Na,CO*, from a 
specimen of the anhydrous substance contaminated 
with 8 per cent of common salt, NaQ. How mudi of 
the substance should be weighed out in order to make 
350 c.c. of the required solution? 

23. 6'0 gra. of an add were dissolved in water and 
made up to aoo c.c. To neutralize 25 c.c. of caustic 
soda solution, containing 4 gm. NaOH per litre, ii'3 
C.C. of the add solution were required. What is the 
equivalent of the add? 

33, In the analysis of a certain compound containing 
nitrogen, the latter was converted into ammonia. 
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of 120° C. tlironghout. What will be the volmne of the 
residual mixture of gaaes, assuming that air contains 
ai per cent of oxygen and 79 per cent of nitrogen, 
by volume? (IhM.) 


Gay-Lan&c'i Law, p. 71. 

Since tb© temperatirre 1* lao* the steam tormod will 
retnaln as stefim. 

,, , , . < . 31 X 30 

Vonaine of “ 30 c.c. of air ■■ — ^qq 

— 6-3 ac. 


This win combine wtth ia-6 C-C. of hydrogen to give i2-6 c,c. 
of steam (dedacdon from the equation iH, 4- O, aH^O, by 
Avogadro's HypothasU). 

Hence residual gases are: 

(a) is-d C.C. steam; 

(&) 60 — 13-6 « 47-40.0. hydrogen; 

(c) 30 — 6-3 — 33*70.0. nitrogen, 

total volome of residoal mlxtoie 837 c.c. 

[S h o rte r method: Since the steam fanned wOl occupy the 
same rolaxna as the hydrogen used, the only change in vohune 
wlU be doe to the dbappeuaiice of the oxygen tn 30 c.o. air. 

Original vohune « 90 c.c. 

.*. final volmne — 90 — 6*3 — 637 c.c.] 


3. An element E forms two gaseous oxides con- 
taining respectively 36*3 and 53*3 per cent of oxygen. 
One gram of these oxides occupies 505 c.c, and 735 c.c. 
respectively, the volume being measured at standard 
temperature and pressure. Calculate the equivalent 
wights of E and its probable atomic weight, and 
assign formulae to the oxides. (LIT.) , 



CHAPTER X 


MISCEIXAKEOUS PROBLEMS.' W'ORKED EXAllPLES 

I. Define the term equivakni. 0^426 gnL of silver 
\%'crc dissolved in nitric add and the sU^’cr then 
predpitated in the form of silver chloride by addition 
of excess of hydrochloric add. The weJ^t of the 
silver chloride was 0*566 gm. \Vhat is the e<5tiivalfint 
of silver, from these figores? (L^) 

Definition of equlvaieot in Qmp. H, Silver chloride li • 
compound of stiver ajid chlorine. 

Tto oqulvalent of is 35*5, eqaivatect of silver 

win be the naxnber of grams of silver thst will combine with 
35’5 gm. of chlorine. 

Weight of sliver chloride -• 0-56O gm. 

Weight of silver — 0-426 gta. 

/. weight of chkidno -• o»i40 gm. 

If 0-140 gm. chlorine combines with o'4»6 gm, silver, 
then 3J-5 gm. cbloriiw combine with 
«• io8>ogm, sOver. 

P^^^^tvnleot of sOver — » io8-o. 

a. State and fflnstrate Gay-Lussac’s Law of the 
Combination of Gaaes Volume. 

A mixture of 30 c.c. of air and 60 c.c. of hydrogen is 
sparked in an apparatus maintained at a temperatoro 

94 
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of 120° C. throxiglioirt. What will be the vohune of the 
residual m l»L i i re of gases, oMinning that air contains 
2i per cent of oxygen and 79 per cent of nitrogen, 
by volume? (L 3 L) 


Gfty-Lu*»c’i Law, p. 71. 

Since tlie tempermtnro is lio” C, tlie steam formed will 
remain as steam. 

Voloma of oxyg e n In 30 c.c. of sir ■■ — c,c. 

- 6-3 C.C, 


This win combine with 12-6 c.c. of hydrogen to give c.c. 
of steam (deduction from tbe eqnsticm aH, + O, »• *H, 0 , by 
Avogadro’s Hypothesla). 

Hence roridosl gases are: 

(a) It'd C.C. steam; 

(t) 60 - 11-6 47-4 ac. hydiogm; 

(c) 30 — 6-3 — 33-7 C.C. nlliogUL 

total voloma of resldosl mlxtoie — 837 c.0. 


fSborter method: Since tbe steam farmed wHI occopy tbe 
■amw Tohuna as the hydrogen used, the only change in volume 
win be due to the disippoaraDCo of the oiygoi in 30 c.c. air. 


This Is 


21 X 30 
100 


— 6-3 C.C. 


Original vohime — 90 c.d. 


final volume — 90 — 6-3 — 837 c.c.] 


3. An element E forms two gaseous oxides con- 
taining respectively 36*3 and 53-3 per cent of oxygen. 
One gram of these oxides occopies 505 c.c. and 735 c.c. 
respectively, the volume being measured at standard 
temperature and pressure. Calculate the equivalent 
weights of E and its probable atomic weight, and 
assign formulae to the oxides. (L.M.) 
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Tho cquiralcnt of orygca is 8, 
in first oxide, 

since 26*3 gm, o x >' gea corntrlae with 637 gm. E, 
8 

36*3 

“ 14*0 gPL E ,' 

and this Is the equivalent of £ in the first oxide. 


Similarly in the second oxide, 

53*3 cm. oxygen combine with 467 gm. £, 

• 8 

33*3 

» 70 gm. E, 

and this is the eqalvalent of £ in the second ocdde. 

A.W. of element — 7 x «, where « la a small whole nnmbei. 

305 cx. of the first oxide weighed i gm. at N.TJ*. 

.% *2^00 C.C. of the first oxide weighed 44*4 gm. at N.TJ*. 

.*. M.W. of first oxide » 44'4' 

Similarly, ILW. of aocond oxide — ~ 

- 30-5. 

If the A.W. of the element were 7, tho formula of tho first ' 
oxide must be E4O, since thl« !■ the only formula that will 
correepood to the M.W, (4 x 7 + 16 — 44). But this would 
make the valency of the element 0-5 and is therefore presum- 
ably wrong. Hence tho atomic weight Is not 7. Suppose It 
to be 14. Then the fcrmula for tho first oxide will be 
E,0 (i X 14 + 16 — 44), and that of the eecond oiido EO 
(14 + 16 ■■ 30). 

An atomic weight of 3i will not fit tho figures for the ILW. 
of the oxides, .*. the atomic weight of the element must bo 14 
and the formulae of Its oxides £sO and EO. 


4. Describe the preparation and properties of on* 
of the oxides of nitrogen. 

50 c.c. of a gaseons compound of nitrogen and 
oxygen when exploded with an equal volume of 
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hydrogen yielded 50 c.c. of nitrogen* What is the 
cumposition (by volume) of the compoxmd? (L,iL) 

See A Junior pp. 167-70. 

If 30 c.c, of tbe conqxHmd yialded 50 c-c, of nitrogen, then 
by Avogidio’i Hypotbetlfl: 

I moTftm U of tb© compoond contains i molecala of nitrogen, 
TiH tbe farmola is tber^ore 

But the volnme of hydrogen required was equal to that of 
the campotmd, ie.: 

I molecala of the com p oond r e quir es r molecole of hy iln-y^n 
Tbe h yd r ogen combioea with the oxygen In tbe componrid. 
Bat r TnnTwmt^ of hydrogen, H,. cnmbfnea with half a TnnWnT« 
[Le. I atom] of oxygen : 

H. -f- 10. - 

Theroiare, i moiecalo ot tbe compoond contains i atom of 
_ I and the formnla Is N, 0 . 

The c o mp o aiti on by rohime of this compotrsd (Ayogadro's 


5. On analysis, a compotmd was fonnd to have the 
following percentage composition by wdght: carbon 
5a'3 ; hydrogen 13-0 ; oxygen 34-8. Its vapour density 
was found, by Victor Meyer’s method, to be 23. What 
is its formula? (B.) 


See p. 45. 


C*ri>on 


_ 

13 


4-35 


Hydrofwn ™ 13*0 

Orypn 3 ^ - a-i8 

C : H : O — 4*35 : 13-0 : 2*18 
— 2 : 6 : r. 

Empirical formola ^ C,ILO. 

But VJ). - 33. M.W. - 46. 

Bat ILW. of C ^,0 — 2 X 12 6 + 16 

— 40 - 

.*. tme fonnnla also Is CiH« 0 . 



98 ELEMENTARY CHEMICAL CALCULATIONS 

6. What is the nature and amount of the precipitate 
produced by passing pure carbon dioxide into 500 cx. 
of lime-^vatc^ containing i*o gm. of calcium hydrate 
per litre? ( 0 . and C.) 

'Caldom hydmto' li a natiM eometima (incorrectiy) raed 
for caldam hydroxide, Ca(OH),. 

The eqnatlOT for the aetkm Is: 

Ca(OH), + CO, - CaCO, | 

74 100 

The precipitate is caldam carbonate. 500 cx. of the Uni®' 
water will contain x 1*0 0'5 8™* ot caJehun hydroxide. 

74 gm. of caldam hydroxide yield 100 gm. of carbonstB 
100 X 0-5 

0-5 gm. .. „ „ 

•• o^ gm. 

Hence the ruittn of the predpltate is cakiai " 
and the wighi of the precipitate Is 0-68 gm. 


7. One gram of a metal was converted into 2’go gm. 
of chloride by bu r n ing it in chlorine. Calculate the 
equivalent of the metaL What further data would be 
required to fix the atomic weight of the metal? 

( 0 . and C.) 


The weight of chlorine in gm. of the chloride is: 

3*90 — 1 — 1.90 gm. 

The equiTalent of chlorine Is S5’5. 

*=:4nrt.i 1.90 gm. of combfaie with I gm. of metal, 

I X .S5‘5 

53-5 gm- « .. 

_ 18.7 gm. of metah 
eqaivalcnt of metal — i8'7 . 

To fix the atomic weight of the metal, the valency mast 
oTfi be known, since 

sjwitjsh*/ X vaitnty — (domic wtigii 
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A TTTngh v» 1 qo for ti» atomlo weight conld bo found from 
Dnkng and Petit’i Law: 

Atomic might of toiid tUm*nt x tpccific heat — tboui 6*4, 
and tiii» rough atanlc weight divided by the equivalent would 
give the a p prox im ate valency. But the valency must be a 
whole number; hence the neareat whole nnmher to the approxi- 
mate valeiKy Is u the true valency, and this multiplied 

by the equivalent gtvea the atomic weig^ 


8. What do yon nnderatand by the equivalent of a 
base and of an add? 

30 c.c. of a solntion containing 1*835 6™- of hydrogen 
chloride per litre were found to nentralize exactly 
40 c,c, of a solution containing 1-99 gm. of a base per 
litre. Calculate the equivalent of the base. 

( 0 . and C.) 

See A JtenicT Chemistry, p. 367. 

The gram eqaivaJent (56-5 gm.) of hydrochloriD add will 
neotralixe the gram equivalent of a baae. 


^ gm. of the add 1 


40 X 1-99 


gm. of the base. 


36*3 gm. of the add 


40 X 1-99 X 1000 X S&-S 
^od^x 30 X 1*823 
33-1 gm. of the base. 


.*. the equivalent of the beae Is 33*1. 


9. Write an equation to show the chemical reaction 
that takes place when carbon dioxide is passed over 
red-hot carbon. Ilescribe the properties of the re- 
sulting gas. What will be the final volume when 
10 C.C. of this gas are mixed with 30 c.c. of air and the 
mixture sparked? ' ( 0 . and C.) 

See A Jtnior Chsmistry, p. *06. 

The gas Is carbon monoxide. When this is exploded with 
air, carbon dioxide is formed ; 

2CO -P O, •- aCO,. 



100 ELEMENTARY CHEMICAL CALCULATIONS 

t fflolocatci of carbon monoxldo req ui re 2 molecule of oxyjeu 
and give s molecuks of carbon dioxide, 
by Avogadro’i Hypotboris, 

3 voL of carbon monoxide require i voL of oxygen 
and give 2 voL of carbon dioxide, 

10 cx. of carbon monoxido reqnire 5 c.c. of oxygen ind 
give 10 C.C. of carbon dioxide. 

Air contnini 2 1 per cent of oxygon by vohnne, hence 30 ex 
contain 6-3 c.c, ; to there f* more than enough oxygen preecflt 
to bum all the carbon monoxide. 

Hence, from the 40 c.c. of original mixtnro, 10 cx. of carbon 
monoxide 5 c.c. of oxygen wilJ vanish, bet 10 cx of 
carbon dioxide wm be formed. 

final volomo — 40 — (lo + 3) + 10 

- 33C.X 

10. (tf) What voltnne of hydrogen at 15® C. and 
745 mm. pressure can be obtained by the action of 
add on i gm. of rlnc? 

( 4 ) Calculate the equivalent of a metal whose weight 
is increased by 25 per cent when it is heated to con- 
stant weight in oxygen. (O. and C.) 

(a) Ziao li bivalent, ao whatevea' acid la ujed. one atom of 
dne win always Uborats one molecule of hydrogen: 

Zn + add — Zinc salt + 

65 gm. of zinc Uberato 23*4 Utroa of hydrogen at N.TJ*. 

I gpu „ „ Uberatoa >. 

At 15® C and 745 mm. pieasm -e this Tolnme will become 
33»4 X 2B8 X 760 X 1000 
05ir573 X 745 

- 371 C.X 
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(t) If the -Wright ia increMwd by per cent on formation, 
of the oxide, tb^ 

aj gm of oxygen comUne with loo gm. of metxl, 
loo X 8 


_ 3agnn 

eqatvajent of metal — 32 . 


II. What volume of oxygen is required to bum 
completely 50 c.c, of hydrogen sulphide and what will 
be the volume of the resulting gases? (All the volumes 
are to be considered at a constant temperature (130° C,) 
and a constant pressure.) (B.) 


The equtioQ i>: 

iHfS + 3 O, - aH,0 + *50*. 

Shies the tompentnre U above 100* C., the water will re- 
main to the gusoni ttate u *team. 

3 moiecaleB of hydrogen •olphlde require 3 molecniea of 
oxygen and yield 3 molecnlee of rteam and 3 mfilnm UT 
of anlphar dkrride; 
by Avogadro’a Hypotbeaia. 

3 vol*. of hydrogen anlphlde reqnire 3 vol», of oxygen and 
yield 3 vola. of rteam end 3 voh. of nlphnr dioxide. 

30 C.C, of hydrogen sulphide reqniro 73 ac. of c uygen , 
and yield 100 c.c. of mixed ateam and anlpbor dioxide. 

12. A solid substance contained I4'3 per cent carbon, 
i-a per cent hydre^en, 57-1 per cent oxygen, and 
37-4 per cent sodium. On heating this, a gas was 
evolved which contained 27*3 per cent carbon, and 
737 per cent oxygen by weight Calculate the 
formula of each substance and construct an equation 
in words and in symbols to represent the chemical 
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change. How would you Identify each of the three 
products of the reaction? (B.) 

Carbon 1*3 

Hydrogen -• I'a 

O’yt^ ^ - 3 -« 

Sodium — 1*3 

*3 

/. N* ; H : C ; O — 1*2 : 1*3 : t** : 3"® 

- 1 : I ; 1 : 3 

empMoU fonnola — KaHCO». 

Aj no further data iub given, we may take thi* to be the 
true formula for purposee of making the equation. 

Formula of gas: 

Ctfr4tf* 3*3 

OW" ^ “ 4'« 
emplrfcai formula ■« CO|. 

Ecuation * 

sNoHCO, - Na,CO, + H,0 + CO^ 

In words: 

3 molecnlee of eodlum bJearfaonato, on heating, yield i 
molecule of aodhnn carbonate, i molecuJo of itoam, and I 
molecule of carbon dioxide. 

JisniifUation: 

(a) Sodium carbonate. 

(I) lia — yellow flame. 

(11} CO, (carbonate imdicaJ) — effervoecenMfacoltl^™ 
dflttto add, carbon dioxide being evolved. 

(J) Water. 

AnhydrouJ cop p er aulpfaate turned from white to blue, 
(c) Carbon dioxide. 

lime-water turned milky. 
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13- 70 C.C. of hydrc^en and 30 c.c, of oxygen (both 
measured at N.T.P.) are mixed together and heated 
to 100° C. The mixture is then sparked. What will 
bo the total volume after sparking? 

(B.) 

70c,c. of hydcogenit N.T.P. will become 

— 95-^ C.C, at loo* C. 760 mm, 

Sfanllariy 30 c.c, of oxygen at N.T.P. will become 
. 39 _ y ?7? _ 4i^> c,c. at 100® C. 760 Tnm. 

273 ' 

Ttio equation b; 

iH, 4- O, - 2H^. 

an4 tinea the temperature it 100" C. the water wHl be In the 
iorm of fteam, 

2 motecolea of hyrlrogen require i molecole of axy g a n 
and ^ve 1 moleculee of steaxo. 
by Avogadro'i HypotbeaU, 
a TOb. of hydrogen require i voL of oxygen and 
give a vob. of eteam. 

There are 41-0 cx, of oxygon and 95-6 ac. of hydrogen, to 
that there U mcoe hydrogen than the oxygeoi can combloe with, 
41 C.C. of o xygen require 8j c.c. of hydrogen and give 
83 C.C. of ttsam, 

the total volume after aparidng will bo 82 c-c, (tteam) 
pluM 13-6 C.C. (unuaed hydrogen) ; 

Lo. total reaidual vohime — 95-6 cx. 
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14. Calculate the weight and the volume of dry 
sulphur dioxide, measured at 15" C., and 745 num 
pressure, required to convert 40 gin. of caustic soda 
into normal sodium sulphite. WTiat weight of sodram 
sulphite is produced? (D,). 


The cquatiun u. 

iNaOH + SO, - Na,SO, + H, 0 . 

2 X 40 pm. of cauttk aoda require 22*4 litre* of solphor 
dioxide at N.T.P. 


40 pm. of cau 3 tic «oda require I1'2 litres of sulplinr 
dxncKie at N.T.P. 

II-2 litree j,t N.T-P. become 

» 7 ^ . c. 7,5 nun., 

273 745 ^ 

- 1*1 litre*. 


volume of sotphordioiddereqTiired — la-ilHre*. 


From the equatioo. 

2 X 40 gm. of caustic soda gi>'» 126 gm. of sodium snJphitB. 
40 gm. „ „ „ 63 .. „ „ »» 

weight of ■odium epIphJte formed — 63 gm. 


15. A compound was found to contain: carbon 
58-06 per cent, hydrogen 6-45 per cent, oxygen la-^o 
per ceht, and nitrt^en 22-58 per cent. Calculate the 
simplest formula for the compound. 

What further data would you require to ascertain 
the correct formula of the compound? (jU-) 

- 4-34 

Hydrogn - 6-45 
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Oxygtn “ O'Si 

ri’Kd , 

Ntirogtn — £^ “ 

C : H : O : N a* 4*84 : 6*45 : o-8i : i-6i 

- 6 ; 8 ; I : 2 


rimplwt fomnila — C^HjONt. 


To ascertain the correct formnla. tbe molecnlar weight of 
the compound (or aome data from which tbe molecnlar weight 
may be calcnlated] mnat be known. 


16. Nickel carbonyl, Ni(CO)4, i* completely decom- 
posed to metallic nickel and carbon monoxide when 
its vapour is passed through a hot tnbe. Calcnlate the 
weight of metallic nickel, and a volume of carbon 
monoxide measured at la® C. and 740 mm. pre ssure , 
which can be obtained from 20 gra. of nickel carbonyl. 

The eq aatfcrn li : (^“) 

Ni(CO)« - N1 -t- 4 CO. 

Ni -jg: C -la: O- 16. 

59 + 4(12 4- 1*5) ™ 171 » M.W. of irickal carbonyL 
171 gm. of nlcksl carbonyl 3ri0ld 4 x 22-4 litroa of cartwa 
jnoncndde at N.T 

20 gm. of nickel carbonyl yield 4 ^ ^ *0 Utrea of 

carbon monoxide at N.T.P. 


Thia Tohime at 12* C. and 740 Tnm ■wfl] become 
4 X 22-4 X 20 X 285 X tCq 
171 X 273 X 740 
— ii'3 litrea. 

volome of carbon motxrdde obtainable ^ 11-3 litrw. 
Also, 

171 gm. of nU-JrtJ carbonyl yield 39 gm. of 
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14. Calculate the weight and the volurae of dry 

sulphur dioxide, measured at 15® C, and 745 mm* 
pressure, required to convert 40 gm. of caustic soda 
into normal sodium sulphite, ^^'hat weight of sodhnn 
sulphite is produced? (D.)- 

The equation fa; 

aNaOH 4 - SO, - Na,SO, + H/). 

/. 2 X 40 gm. of camtic soda require I2’4 litres of fiiJplinr 
dioxide at N.T.P. 

40 gm. of caattfc soda require ii-a litre* of nlpinir 
dioxide at N.T.P. 

ii-a Htrca at N.TP. become 

273 745 

13*2 litres. 

volame of tolphar dioxide reqptred ■■ ii*i litres. 

From the equation, 

3 X 40 gm. of ca ojti c ioda give i36 gm. of aodinm BulpliitB. 

40 gm. „ „ „ 63 « „ .. . 

weight of aodiom tolphite formed — 63 6 ™* 

15. A compound was found to contain: carbon 
58*06 per cent, hydrogen 6*45 per cent, oxygen 12*90 
per cedt, and nitrogen 22*58 per cent Calculate the 
simplest formula for the compound. 

further data would you require to ascertain 
the correct formula of the compound? (E.) 
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Oxygtn 

tJitngtn 


wm 0-8l 


— i-6i 


16 

2a-58 

“iT ‘ 

C : H : O : N a* 4-84 : 6-43 ; 081 : i-6i 
— 6 : 8 : I : 2 

Bteplart fonnola — C^,ON,. 

To ucartain tbe eo r re c t formola, the molecniar weight of 
the compotmd (or aomo data Dum which the molecniar weight 
ma7 be calculated) moat be known. 


16. Nickel carbonyl, Ni(CO)*. is completely decom- 
posed to metallic nickel and carbon monoxido when 
its vapour is passed throngh a hot tnbo. Calculate the 
weight of metallic nickel, and a volume of carbon 
monoxide measured at 12® C. and 740 mm. pressure, 
which can be obtained from 20 gm, of nickel carbonyl 

Th« eatution is : C^O 

NI(CO), - N1 + 4CO. 

Ni — 59; C — is; O— 16. 

59 + 4(1* 4- 16) — 17X — M-W. of nickel c i bo ny L 
171 gm. of nickel cubonyl yield 4 x 22-4 litrei of carbon 
man glide at N.T 


20 gm. of nickel carbonyl yield 4 ^ Htres of 

carbon monoxido at N.TJ*. 

Thii volume at 12* C. and 740 mm. will become 
4 X 22-4 X 20 X 283 X 760 
171 X 273 X 740 
— 11-3 litrea, 

vohune of carbon monoxide obtainable — 11-3 Utre*. 
Also, 


171 gm. of nkkel c ar bonyl yield 59 gm. of 
39 X 20 

« M jyj .. .. 

— d^gZQ. 

weight of nickel obtainable ~ fr-p gr". 


. »o gm. , 
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14. Calculate the n-cight and the volome of dry 
yulphur dfoxfdc, measured at 15® C., and 745 ni®* 
pressure, required to convert 40 gra. of caustic soda 
into normal sodium sul^^te. \Miat weight of sodium 
sulphite is produced? fO.). 


Tbo cqaation ii: 


aNflOH + SO, - Nft,SO, + H, 0 . 

2x40 gm. of caustic toda require 2a'4 litres of sulpinr 
dioxide at N.T.P. 

40 gm. of cauitic aoda require ii'2 litres of salplmr 
dlojddo at N.T.P. 


11-2 litres at N.TJ*. become 

•m fS'X litres. 


voJatna of tnlphuf dioxide feqoired — ia»jHtjea. 


From tbe eqaatkm, 

* X 40 gm. of caustic soda give 126 gm. 0/ sodium suJplilte, 
40 gm. „ „ „ .. O3 « .. . 

of eodfum aalphite formed — 63 gm. 


15. A compound was found to contain: carixm 
58*06 per cent, hydrogen 6-45 per cent, oxygen 13*90 
per cedt, and nitrogen 23*58 per cent. Calculate the 
simplest formula for the compound. 

What further data would you require to ascertain 
the correct formula of the compound? (15.} 

CMfixm — 4*84 

aydrot^ ^ - 6-^3 
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Oxygtn 

Niirogm ~~ — i-6i 
A C : H : O ; N a* 4*84 : 6-45 ; 0*81 : i-6i 
■> 6 : 8 : I : 1 

rimplart tormala — C^^QN^. 

To «oortaln the co rr e ct fonuala, tbo molecular weight of 
the compound (or lome data from which the molecular weight 
may be calculated) mut be known. 

16. Nickel carbonyl, Ni(C0)4, ^ completely decom- 
posed to metallic nickel and carbon monoxide wben 
its vaponr is passed through a hot tube. CaJcnlate the 
wei^t of metallic nickel, and a volume of carbon 
monoxide measured at la* C. and 740 mm. pressure, 
which can be obtained from 20 gm. of nickel carbonyL 

The equatloa !•; (^0 

Kl(CO)« - NI + 4CO. 

Nl— 3o;C — 12; O— 16. 

W + 4(1* + 16) " 17* ■* M.W. of nickel carbonyl. 

17X gm. of nickel carbonyl yield 4 x 22-4 Utrea of carbon 
moTiccdde at N.TJ*. 

20 gm. of nlckol carbonyl yield 4 ^ *2-4 x ao 
carbon monoxldo at N.TJ. 

Thia Tolume at 12* C. and 740 mm. win become 
4 X 22-4 X 20 X 383 X 760 
171 X 273 X 740 
— ii'3 UtiuL 

Tohnno of carbon monoxide obtainable — ii-3 Ittree. 
Alao, 

171 gm. of nickel carbonyl yield 39 gm. of 
*0 gm. 

I7I ” ” 

— 6*9 gm. 

weight of nickel obtainable — 6-9 gm 
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iy. State Gay-Lussac'fl Law of Volumes. Whit use 
was inado of this law by A\'ogadro? 

A mixture of 20 c.c. of hydrogen and methane is 
exploded with on excess of oxygen; the residual gas 
contracts 12 c.c. on being treated with potassium 
hydro.xide solution. Calculate the percentage com- 
position of the rabetore. (CX.) 

Seo p. 70. Avogodro oted this law u a basil for Ms 
celobratod Hypotbesla (pp. 71-a). 

Eqiiations: 

CH* + 20 , - CO, + *H, 0 . 
sH, + O, - 2 H, 0 . 

The realdaflJ gases conslstt 0/ carboa aj3d o Ac ess cA 

oxygen (since the steam will have condensed). Carbon dl* 
oxide Is solabte in potaaahoa hydnndde solotlan, whCe otygea 
is not. TbecontoictioaiitbeTeforodaetDtbecBjbOD dloiide, 
which conseqaeotly occaples 12 c-c. 

Bnt, from the equatkm, 

1 molociile of carbon dkaddo is given by i molecoJe of methane, 
by Avogadro’s Hypothesis, 

1 volmne of carbon dioxide is givtm by i volume of metbane, 

12 c,c. „ „ „ are „ „ 12 c.c. „ „ 

volotne of methane in 20 c.c. of orlgznal Tnii tma 
■- IS ac., 

and volume of hydrogen most therefore have been 8 cc. 
p*rc*nlMft compositiem of the mirtnro by volume is: 

Methane, 60, 

Hydrogen, 40. 

i8> Explain what is meant by the term equivalent 
wei^t of an elemenL What is the rdatlonihip 
between the equivalent weight and the atomic weight? 

A metal has a specific heat of 0-114; °° redaction 
1-286 and 1-430 gm. of two different oxides each 



inSCELIANEOUS PROBLEMS 


107 


yielded 100 gm. of the metal. Calculate the valency 
of the metal in the two oxides and suggest their 
formulae. (CX.) 


See p, 34. 

If tbe apedfic beat of the metal it 0*114, then by P nlong 
and Petit’* Law (p. 34), Ita atomlo weight mnit be about 

3^,L<.,.bart36. 

In tbe Jifti oxid*. 

0*286 gm. o x ygen combine with i gm. of metal, 

a 1X8 

■■■ ■' ■■ 

28 gm. of m etal 

In thi« oxide the eqalraleirt of the metal i* a8 
. t iom i c W0ithi 

BQt«W - 

in thi* oxide, approximate valency-^ 


Thl* mnet, tberefore, be the troe Taleocy, and the formula of 
the drat oxide b MO (If M u the symbol for one atom of 
tbe metal). 

In the utcni oxid*. 

0*430 gm. Qxygau comblDe with r gm, of metal, 

• R CTTT, ^ ^ ^ 

’• 

M i8*6gm of metal 

;. In thb cndde, approximate valency — 

— nearly 3. 

tme valency here f» 3, and the formula of the 
cndde la 



CHAPTER XI 


inSCELLAKEOUS PRODLEUS: \7rrH HTKTS FOR ANSWERS 

1. T^vo grams of \vater are subjected to the following 
reactions: (a) decomposed by an electric corrent, (6) 
acted upon by sodium, (c) passed in the form of steam 
over heated magnesium. Explain the reactions which 
take place and calculate the volume of gas (reduced 
to 0® and 760 mm.) produced In each case. 

(L.M.) - 

Hini4: 

(a) iHgO — aH, + O, 36 gm. wmter giv» 44*8 Ittiw of 
hydrogen and 23*4 litre* of oxygen at N.TJ>. 

(J) aNa + 3H,0 - aNaOH + H, here 36 gm. water 
giro 22*4 litre* of hydrogen at N.TJP. 

(c) Mg + H ,0 — MgO + H, here 18 gm. frater give 
23*4 litre* of hydrogen at N.T.P. 

Note that the anawer* to (&) and (c) can be now writton 
down directly when the answer to (0) baa been calcnlated. 

2 . I gm. of a mixture ,of zinc and zinc oxide, when 
dissolved in dilute sulphuric add, yielded 200 c.c, of 
hydrogen measured at 25® C. and 740 mm. pressure. 
Calculate the percentage of sine in the mixture. 

(O. and C.) 

Hinis: 

Zn 4 - H^4 — ZnSOi + H,. 

ZnO 4 - iso* — ZnSO* 4 - 

Thwefore only the iii>c will displace h yd r ogen a* gaa, and 
108 
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from tbo fint equation wo oeo that 65 gm. zlno displaco 11*4 
Utroo of bjrdrogen at N.TJP., 


X X 760 . c. ^ 

*73 X 740 

Calculate the weight of T<r»f: that wtmld displace aoo c.c. of 
hydrogen at 23* C. 740 mm This will bo the weight of *lnc 
in I gm of the mlitaire, thin portantago weight will bo 

100 times as great. 


3. Explain whnt is meant by ’water of crystalliia- 

tion.' ' 

A hydrated salt was found to contain 20-72 per cent 
of sodftnn, 14*41 of solphnr, and 64*86 of water. 
Deduce its formula. ( 0 . and C.) 

(I) Soe A Junior Ciumixiry, p. xix. 

(h) Ihe formola may bo calculated in the osnal way (pp. 46-7), 
bnt dividing 64-36 by 18, tho ILW. of water. Then 

H22? . -*1^* 

23 • 32 • 

win give the ratio of atoms of sodium to atoms of sulphur to 
molecules of water of crystslUxatlon. ie., it win yield the 
values of s, y, and i, In the emplrlcaJ formula Na^.fH|0. 

4. How may sodhnn hydroxide be prepared from 

washing soda (sodium carbonate)? 3*9 gm. washing 
soda crystals were dissolved in water and the solution 
made up to 250 c.c. ; 27*3 c,c. of decinormal sulplraric 
add solution exactly neutrallred 25 c.c. of this solution. 
Calcula t e (a) the percentage weight of anhydrous 
sodium carbonate in the crystals, (6) the number of 
molecules of water of crystalliraticm united with a 
molecule of sodium caibouate. (B.) 
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HinU: 

(i) See A Junior Cktmittry, p. 390, 

(li) 35 c,c, of tbo waihlng-ioda, lolatioo d 27-3 c.c. N{jo 
salpburic acid, thoroforo the wtt»Iiln|f**oda Bolatlon Is 
X N /lo. 

But N fio sodittin carbonate contains 3*3 gm. Ni,CO| 
per Ube, tbereforo the washlcg-eoda iohition contains 

X 3'3 gm, Na/X), per litre. Also, from tbo figure*, H 

contains fpn waahiiig-*oda per litre. * 

(ill) Or, alternatively, 

27'3 C.C. N jio mlpharlc add — 35 c.c. aoda eolation 

_ 0*39 grn vasblng-aoda. 

But 37*3 c,c, N /lo ffolpburlc add ™ ^ gm. 

Thia is therefore the weight of Na«CO| in 0*39 gm. washing-aoda. 

(iv) To get (&), calculate wd^rt of water combined with 
106 ie. (2 X *3 + 13 + 3 X ifi) gm. Na«CO| and divide by 
rSie. {2x1+ 16). 

5. I litre of marsh gas at S.TJP. weighs 072 gm-I 
I litre of acetylene weighs 1*17 gm. Show that these 
figures enable one to state that the formnla of the 
former is CH^ and not C^H^ \dule that of the latter 
is C,H, and not CH. 

Quote Avogadro's Rule, and show how it was 
applied in obtaining your answer. (U*^) 

Binis: 

(I) By Avogtdro’i ‘ Ro^, ' Avogadro'* HypotbesiB is meant 
Tbi* hypotbe*!* Is sometime* Inco rrect ly known os Avogadro'* 

Law. 
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(IH) If the fcamnl* for acetylaiio wore CH, 22-4 litres of ft »t 
S.TJP. wtmld weigh la + i — 13 gm. 

(iv) Avogodro's 'Rule' i> a*ed In the above state mirntj as 
follcnn: If the molecolea of manh gas and acetylene weigh 
33 miri 13 timiu, respectively, as much as the molecule of 
hydrogen, we assume that 3a gm. of manh gas and 13 gm. of 
acetylene, each weight contBinlng as many molecules as 2 gm. 
hydrogen, would (Avogadro'a Hypothesis) occupy the «me 
volume as the latter at the same temperature and pr es sure, 
e.g. 22-4 litres at N.T.P. 


6. State the Law of the Combination of Gases by 
Volume, and show how it may be explained in the 
light oi Avogadro's Hypothesis. 

If a mir tirrw of 50 c,c. of carboD moDoxide and 100 c.c. 
of air were exploded, what would be the composition 
of the residual mix t ur e of gases? (All volumes to be 
taken as measured at the same temperature and 
pressure.) (LJi.) 

if tail ; 

(I) See A R^eirion Courts in Ckfmitiry, pp. 15-18. 

(U) 2CO + O, - aOV 

carbon monoxide requires baU its own volume of t u-ygm i^ 
and the Tolome of carbm dioxide farmed equals the volume 
of carbon monoxide taken. 

(Iff) 50 C.C. CO require 25 c.0, oxygen (from Q. 

(Iv) 100 C.C. air con ta in only ai cx. oxygen . 

(v) .% only 42 cx. of CO can be burned. 

(vf) The 79 C.C. of nltrogeo take no part In the action. 

7. 0*5 gm. of a metal gave 494 c,c. of hydrogen 
measured moist at ii* C. under a pre ssu re of 753 mm. 
The specific heat of the metal is 0-23. What is its 
atomic weight? (L.M.) , 
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Hi Hit: 

(i) CaJcalatc reagh A.W. from Ddlong *nd Petit'i Law. 

(If) C or rect volame of hydrogen to N.T not forgrttinj to 
subinxd aqneouj xnponr p reMu rc at ii* C. from 733 Bi®* 
(ill) I litre of hydrogen at N.T.P. weigh* 0-09 gm. 

(Iv) Find weight of h>'drogcn c\'ol\Td. and calcolatoDonii« 

of gram* of roetal rrqalred to glee i gm. hydrogen- This n 
the eqalvttlcnt 

(v) Equivalent x valcnc>* •- true atomic weight, and tb# 
\’aleocy mutt be a whole nomber. 

8. Hydrogen was passed over heated capric oxide, 
and the latter \vas converted into metaL ^VheIl 
5*2 gm. of the o-xide were completely changed, i'3 
of water was obtained. What Is the equivalent of the 

metal? How would yon confirm yonr result, nsin^ the 

metal obtained? (0. and C.) 

mnis; 

(i) All the oxygen tn the w»ter femned mn»t have come from 
the ^-2 gm. of capric oxide. 

(II) Water contain* -of iti weight of oxygen. 

(Hi) weight of o xy ge n in y2 gm. of cnpric oxide i* 

$ 

- X ri gm. 

(iv) Welgbtofcopperln3-agm.axido — j'X — (|- x i’ 2 )S^ 

(v) Calculate weight of copper that would combine with 
8 gm. oxygen. 

(vl) Confirmatfoo : Take the metal, weigh it, convert It lo^ 
cupric oxide (via copper nitrate) and weigh the cupric oxide 
fonnod- 

q. You arc given some potassium chlorate from 
which part of the oxygen has been driven by heat. 
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What experiments would yon do to show that the 
solid contains (a) oxygen, (6) a chloride? 

If the solid loses on further str ong heating one per 
cent of its weight, calculate the percentage of potassinm 
chloride In it. (D.) 

'Binis: 

(а) Heat It farther and tart for evolved oxygen. 

(б) Heat with dlstfTVd water to dlnolve. To a little of the 
aohitloii add nltiic acid and diver nitrate aolnticm. A chloride 
gtvna a white ppt. of diver chloride, AgQ. 

(c) aKQO, — aKQ + 30», 

243 gm. kiM 3 y 32 — 96 gm. 

(i) If 96 gin. are kut from 243 gm. 
then z gm. is k«t from ^ gm. 

10. The equivalent of oxygen is 8, its atomic weight 
is 16 and its molecular weight is 32, whilst the equiva- 
lent of sodium is 23, its atomic weight is 33 and its 
molecular weight is 33. Explain what is meant by 
these figures. 

Assuming that the equivalent of line is 33-5, describe 
in detail a laboratory method of finding the percentage 
of rinc in a commercial sample of xinc dusL (B.) 

Hinis: 

(1) Seo A Rtvisicn Cctertt in CAtmitiTy, pp. *3, 44, 38. 

(H) The chief Impurity in dno dnat i* xino oxide, 2 nO. In 
thia qaeatioa. ■■cnn.^ that the xinc dost li entirely compoeed 
of zinc and dric oxide, and cf . Binit to Q. 2 in thh chapter. 

11. How are (a) water gas, (A) producer gas obtained 
on a large scale? What are the chief constituents of 
the gases? 
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100 c.c. of a sample of producer gas became 98 c.c. 
when treated \nth caustic soda solution The 98 c.c. 
when exploded wth exactly the right amotint of 
oxygen to bum it completely gave a mixture of gases. 
This mixture, when treated wth caustic soda, 
diminished by 31 c.c., 67 c.c. of undissolved gas 
remaining. 

From the above facts deduce as ^ os possible the 
composition of the gas. (D-) 

Htnis: 

(а) Sea A Junior CktmUtry, pp. 196, 106. 

(б) Sea A Junior Cktmisiry. p. *06. 

(c) Cauftic aodj. solation abaorbs carbem dioxide, a 
ttant co os tltnent of prttdacer gai. 

(d) The other cowtitnentt of prodocer ga» 10*7 tal»n u 
carbon monoxide and ol tr c^yn. KKrogen does not explode 
with o xyg e n , carbon monoxide does, when the mlrtiiiB is 
Bpaiicod. 

(r) xCO + O, - jCCV 

carbon monoxide reqoires half its own volume of oxygen 
and gives its own volume of carbon dioxide. 

12. Define the term equivaUnt, and describe, ti* 
ouiiins only, foub methods of deteimining the equiva- 
lents of metals. 

0*26 gm. of a metal were dissolved in nitric add and 
then predpitated as the metallic chloride by addition 
of dednormal sodium’ chloride solution. It was found 
that a5’4 c,c. of the latter solution were required. \Vhat 
ia the equivalent of the metal? (L.M.) 

Hinu: 

(f) S®o .d Junior ChowtUfry, pp. 339-«7- 
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(H) Tb» oqtjiv»leirt of tlia metal Is the nmnber of gnuna of It 
req uir e d to react (nltimatBly) with lo Htros of N /lo sodinm 
chtoride *3lntlon. Don't go the long way rcmml 

13. Calculate the volume of dry carbon dioxide, 
measured at 17® C., and 764 mm. pressure, theoretically 
required to convert 20 gro. of caustic potash into 
(a) normal potassium carbonate, (5) acid potassinm 
carbonate. Give, with reasons, any experiments you 
would make to distinguish between solutions of 
these materials. (D.) 

Sintt : 

(I) aKOH + CO, - K,CO, + H, 0 . 

(a) KOH + CO, - KHCO,. 

(IH) Hence Tohune tn (&) can be obtelned atmply by dcmbUsg 
rente calculated for (•). 

(Iv) From (I), 21*4 Ubree of carbon dioxide at N.TJ. wCl 
conv^2(3g -i- 16 + i) » ii3giii,S0HintononQalpo1ajshm 
carbonate. 

(t) Diittnctioni, (a) On baOlng. S,CO, eohitlan 1 * nn- 
aSected; KHCO, nlotion ylalds CO,, 
(b) With lltmos. K,CO, eohitkm ii tlkaHne; 
KHCO, aohitkm is practicaDy neutral. 

14. State Gay-Lussac's Law of Volumes and givo 
three distinct examples which lUnstrate the law. 

10 C.C. of hydrc^en, 5 c.c. of carbon monoxide, and 
20 C.C. of oxygen are exploded together in a eudiometer; 
determine the volumetric composition of the resulting 
gas, (a) if the experiment is conducted at room tempera- 
ture, (5) if the temperature is constant and higher than 
100® C. during the whole experiment. (CJL) 
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100 c,c- of a sample of producer gas became 9S c.c. 
when treated with caiistic soda solution. The 98 ac. 
when exploded \Wth exactly the right amount of 
oxygen to bum it completely gave a mixture of gwes- 
This mixture, when treated \nth caustic soda, 
diminished by 31 c.c., 67 c.c. of undissoived gas 
remaining. 

From the above facts deduce as far as possible the 
composition of the gas. (P-) 

HinU: 

(fl) S« A Junior Chtmishy, pp. ipC. ao6. 

(b) See A Jttnior Cfumistry, p. 206 . 

(c) Caustlo eod* iolatioa abaorbe carbon d fa o rid e, a cem- 
stant conatitnent of prodacer gaa. 

(tf) The other conitltnente of prodocer gaa may be taken a» 
carbon monojdde and nitrogen- Nitrogen doea not eaptode 
with oxygen, carbon moooxldo doe*, when tha mixture b 
Bporked- 

(^) 2 CO + O, - uCCV 

carbon monoxide reqotree hflH ita erwn vohnne of oxygen 
and gives tti own volume of carbon dfaxride. 

la. Define the term equtvalsni, and describe, ** 
oxdline only, four methods of determining the equiva- 
lents of metals. 

0-26 gnu of a metal were dissolved in nitric add and 
then precipitated as the metallic chloride by addition 
of dednormal sodium chloride solution. It was found 
that 35-4 C.C. of the latter solution were required. What 
is the equivalent of the metal? (L.M.) 

Binia: 

(I) See .4 Junior Cfcmfrfty. PP- 359-67- 



CHAPTER XII 


inSCKLXANBODS PROBLEMS 

1. What ia meant by (a) a ‘saturated solution/ (6) a 
saper-saturated solution? 

lOo gm. of water dissolve the following weights of 
ammoniom chloride at the tempemtnres named: 

Temperature o* lo* ao* 30* 40* 50* 6o* 8o* 100* 
Subfftance 38-4 ja-S 37-3 4X*3 46-3 30-6 33« 64*0 72-8 gm, 

Consfruct the solubility carve of the substance, and 
from the curve determine the solubility of ammonium 
chloride at 24* and at 70*. (LJi.) 

2. What volume of gas measured at 17® C. and at 
580 mm. of mercury will be evolved when 4*8 gm. of 
caldinn are dissolved in hydrochloric add? 

Describe a method of collecting and measuring the 
gas so evolved. ( 0 . and C.) 

3. If 200 C.C, of a solution of caustic soda are 

neutralized by 100 c.c. of a solution of hydrochloric 
add containing 7'3 gm. of HCl per litre, what is the 
strength of the caustic soda solution? (B.) 

4. The equivalent or combining weight of mercury 
may be determined by beating a weighed amount of 
mercuric oiido, and measuring the volume of ox^en 
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Hints: 

(i) At room temperatirro, tb# itcam prodaced will condeo* 
asd the volame of the liquid water ma^ bo neglected. 

(ii) Above loo* C. the cteam will remahi as gas. 

(iii) aH, + O, - aH,0. 

a vob. of hydrogen require i voL of oxy g en [and giro (H) 
a volumes of steam], 

(Ir) aCO + O, - aCCV 

a volumes of carbon monoxide rtqnfre i volome of oxygen 
and give a volumes of carbon dioxide. 
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Ttmp*nUun in ‘C. SolubiJUy of poUurium niirqU 


0 

ia -5 

10 

22 

20 

32 

40 

64 

5° 

85 

70 

138 


Tjg 


(B.) 


8. State the law which expresses the relationship 
between the vohnne and the temperatiire for gases 
(Charies’s Law). 

25 c,c. of a gas at 27" exerts a pressure of 800 mm. 
To what temperatirro must it be heated in order that 
it may exert a pressure of 950 mm., the volume being 
kept constant? (L.M.) 

9. State Avogadro’s Hypothesis and show that the 
Law of the Combination of Gases by Volume Is a 
necessary consequence of rti 

What contraction in volume occurs when a mixture 
of equal volumes of hy dr ogen and air is exploded at 
15* and the products ore brought to the original 
temperature and pressure? ( 0 . and C.) 

10. Hot concentrated sulphuric add is allowed to 
react with (a) sulphur, (6) xinc, (c) potassimn nitrate, 
(i) potassium bromide, and («) copper sulphate crystals. 
State any changes whidi occur and explain them. 

What volume of gas would bo theoretically obtained 
at 15® C, and 800 mm,, if in the first reaction the weight 
of the sulphur was 20 gm? 

(S 32 ,) 


(B.) 
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evolved on heating:, at some given tcmperatTire and 
pressure. 

Describe in detail how you would cany out this 
experiment, pointing oat all the precautions you would 
take to obtain an accurate result 

3*34 gm. of mercuric oxide under these conditions 
were found to yield 187 c.c. oxj^cn at 17® C and 
725 mm. pressure. 

Calculate the equivalent of mercury. (C.WJB.) 

5. Describe the preparation of a solution of hydrogen 
peroxide in water and gis^ an account of its more 
important properties. 

Hydrogen peroxide is decomposed catalytically 
according to the equation: 3H|0|C= 3H|0 + 0 *. What 
volume of oxygen, measured at 20® C. and 756 mm., 
would be evolved when 50 c.c. of a solution of 
hydrogen peroxide, containing 20 gm. per litre, were 
decomposed? (CX.) 

6. I>e3cribe methods for preparing oxygen («) in the 
laboratory, ^6) on the industrial scale. 

Calculate the volume of oxygen at 17® C. and 730 ram. 
obtainable by heating to a high temperature i gm, of 
pure KClOj. ( 0 . and C.) 

7. What do you understand by the ‘solubility’ of a 
substance in water? 

From the data given below, plot the solubility curve 
of potasshnn nitrate in water, and find the solubility 
of this substance at 30® C. 
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A compound contains by wdgbt nitrogen 35*0 
per cent, hydrogen =• 5*0 per cent, and oxygen — 
60*0 per cenL Calculate the formula of the compound, 
and indicate the action of (a) heat, (6) caustic soda, 
(c) strong sulphuric add upon it. Give the equations 
for the reactions you mention. (C.W.B.) 

16. State the Law of Multiple Proportions. 

What experiments would you carry out to show the 
truth of this law in case of two oxides of lead? 

The two chlorides of mercury contain respectively 
15*^7 per cent and oh-ao per cent of chlorine. Show 
these figures are in accordance with the above 
law. (D.) 

17. ‘ When gases react together they do so in 
vohrmea which bear a simple ratio to one another, 
and to the volume of the gaseous product.' Ulustrate 
this statement with thr 44 examples and show, in any 
on 4 case, how it may bo proved experimentally. 

20 C.C, of ammonia are mixed with ao c,c. of oxygen 
and the mixture exploded. "What volume of gas 
remains and of what does it consist? (The tempera- 
ture, is" C., and the pressure are constant during the 
«periineirt.) (B.) 

18. Explain the terms 'atomic weight,' 'equivalent 
weight,’ and point out the relation between them. 

A metallic chloride contains 60 per cent of metal. 
Calculate the equivalent weight of the metaL 

(O. and C.) 

19. On analytis It was found that 0-49 gm. of a 
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11. How would you deterrolne the equivalent 
weight of a metal insoluble in hydrochloric add? 

From one gram of a metal 175 gm. of the metallic 
chloride can be prepared What is the equivalent 
weight of the metal? (D.) 

12. Carefully define the terms — atomic weight and 
equivalent or combining weight. What U the con- 
nection between these two quantities? 

Certain elements have more than one eqnivalenL 
Explain why this may be the case. 

4-665 gm. of a metallic chloride gave off, under suit- 
able treatment, 536 c.c. of chlorine meascred at N.T*P. 
Calculate the equivalent of the metah (C.WJB.) 

13. What weight of pure sodium bicarbonate, 

NaHCO*, is necessary to convert 100 c.c. of deci- 
normal hydrochloric add into a soJutioD of sodhim 
chloride? ( 0 . and C.) 

14. Ho^T would you prqjare and collect a few jars of 
ethylene gas? 

10 C.C. of a gaseous hydrocarbon are exploded with 
100 C.C, of oxygen. The residual gas, on cooling, is 
found to measure 95 c.c., of which ao c.a are absorbed 
by caustic soda and the remainder by pyrogallic add 
[Le. alkaline pyrogalloQ. Determine the formula of 
the hydrocarbon. (C*L-) 

15. Having given the percentage composition by 
weight of a compound and the atomic weights of the 
dements contained therein, exjdain carefully how to 
find the formula of the compound 
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litre) for exact neutralization. Determine the per- 
centage of CaCO, in the original mixture. (CX.) 

24. Carefully sketch and describe the apparatus yon 
would use to determine the volume of carbon dioxide 
evolved when approximately i gm. of pure chalk is 
decomposed by an add. Calculate the volume of 
gas measured at 13“ C. and 741 mm. pressure which 
should be obtained from 1*08 gm. chalk, when acted 
upon by an odd. (B.) 

35. Define the terms equivalent wei^t of an ele- 
ment and atomic wei^t. What weight of cupric oxide 
would be reduced to copper by heating it in the 
hydrogen which results when 3 gm- of xinc are dissolved 
in sulphuric add? ( 0 . and C.) 

26. Define XHil^ncy. If elements X, Y, and Z have 
valendes of i, 2, and 3 respectively, what are the most 
probable formulae of compounds of X and Y, X and 
Z, Y and Z? 

o-S gm- of a diad ILe. bivalent] metal reacted 
completely with water, setting free 168 c.c. of 
hydre^en measured at N.T.P. What Is the atomic 
weight of the metal? (D.) 

37. State Gay-Lussac’s Law of the Combination of 
Gases by Volume. 

In the case of eiiher the combination of hydrogen 
and chlorine, or the combination of carbon monoxide 
and oxygen, give practical details for proving that the 
law is true. 

30 c-c. of a mixture of oxygen and nitrogen are rni xed 
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metallic chloride contained 0*165 gm. of the metal 
Betennine the equivalent weight of the metal. 

What experimental methods are available for 
determining the atomic weight of a metal when the 
equivalent weight is knowm? (L^) 

20. State the Law of Mnltiple Proportions- De- 
scribe, giving all necessary practical details, an 
experiment to verify the law. 

A metal forms two chlorides which contain re- 
spectively 55*90 per cent and 65*53 per cent of chlorine. 
Show how these results may be used to illastrate the 
Law of ilultiple Proportions. (C.W.B.) 

21. Describe the preparation and properties of nitric 
add. 

What weight of nitric add cemid be prepared from 
one ton of potaashrra nitrate? (0. and C.) 

23. \Vhat do you understand by the 'vapour density 

of a substance? 

0*337 gro* of a substance displaced in a Victor 
Meyer’s apparatus 31*6 ac. of air measured over water 
at 18*, the height of the barometer being 774*5 
What is its molecular weight? (LAI.) 

33. What is understood by the term 'normal solution 
of hydrochloric add’? 

I gm. of caldum carbonate having calchim sulphate 
as an impurity is dissolved in 350 c-c. of normal 
hydrochloric add. 25 ac. of the resulting liquid is 
found to require 31*2 aa of a solution of sodium 
hydroxide (containing 30 gm. of sodium hydroxide per 
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heated to constant weight. What volume of hydro- 
chloric add containing lo gm, per litre of HCl will be 
required to react with the solid product? 

{ 0 . and C.) 

33. How many c.c. of a solution of sodium hydroxide 
containing 3 o gm. per litre would be required to 
neutralize 100 c.c. of a solution of sulphuric add 
containing 25 gm. per litre? (B.) 

33. State Graham's Law of Gaseous Diffusion. How 
would jmu show experimentally that hydrogen diffuses 
more rapidly than air? 

The ratio of the rate of diffusion pf a certain gas 
to that of oxygen is 8 : 9'6. What is the molecular 
wd^t of the gas? (L.M,) 

34. ' What do you understand by the 'equivalent 
weight' of an element? 

0*33 gm, of a certain metal, when dissolved in 
hydrochloric add, yielded 443 ac. of hydrogen 
measured at 16° C. and 75 cm. pressure. Calculate 
the equivalent weight of the metaL Sketch an 
apparatus you would use to carry out the above 
experiment, and state what precautious you would 
take to ensure a good result, (C.W 3 .) 

35. A metal forms two oxides; i*ooo gm, of each 

oxide contains 0-339 of oxygen ro- 

ipectively. 

Determine the equivalent of the metal in each 
oxide and show that these figures are in agreement 
with the Law of Multiple Proportions, (CX,) 
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with 30 c.c. of hydrogen, and the mixture is exploded 
If the resulting volume of gas is 8 ac., find the per- 
centage of oxygen present in the origins} volume of 
gas. (C.\V3.) 

28. State Avogadro's Hypothesis and show that 
the Law of the Combination of Gases by Volume is a 
necessary consequence of its truth. 

\Vbat contraction in volume occurs when a mixture 
of equal volumes of hydrogen and air is exploded 
and the products brought to the original temperature 
and pressure? (0. and C.) 

29. 0783 gm. of a chloride of mercury yielded, on 
reduction, 0*667 gra. of mercury. 

0*678 gm. of another chloride of mercoiy yielded, 
on redaction, 0*501 gm. of mercury. 

Calculate the equivalent weight of mercury in each 
case and comment on the results obtained. (CX.) 

30. Define the terms ‘gaseous density, ’ ‘molecular 
wei^L ' 

Describe a simplQ experimental method for deter- 
mining gaseous density. 

The vapour densities of the two chlorides of an 
element are respectively 63*3 and 81*25. In a gram 
molecular weight of each chloride there is 56 gm. 
of the element. Show that the composition of the 
chlorides is in accordance with the Law of Multiple 
Proportions. (D.) 

31. Calculate the weight and volume (at N.TX.) of 
gas liberated, when 10 gm. of caldnro carbonate are 
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heated to coastant Trci^t \\’hat voItEme of hydro- 
chloric add containing lo gm. per litre of HQ ^rill be 
required to react with the solid pjrodnct? 

( 0 . and C.) 

32. How many c-c, of a aolution of sodium hj^droxide 

containing 20 gm. per litre would be required to 
neatraUie 100 c.c. of a solution of sulphuric add 
containing 25 gm. per litre? (B.) 

33. State Graham’s Law of Gaseous DifiusiorL How 
would you show experimeotally that hydrogen diSuses 
more rapidly than air? 

The ratio of the rate of diffusion of a certain gas 
to that of oxygen is 8 : 9*6. Wliat is the molecular 
wegfat of the gas ? (LJI.) 

34. \Vhat do you understand by the ‘equivalent 
wd^t’ of an element? 

*>■33 gut- of a certain mcUl. when dissolved in 
hydrochloric add, yielded 442 c.c. of hydrogen 
measured at 16® C. and 75 cm. pressore. Calculate 
the equivalent weight of the metal. Sketch an 
q)paratus juu would use to carry out the above 
experiment, and state what precantioos you would 
take to ensure a good result. (C.\V.B.) 

35. A metal forms two oxide#; i-ooo gm. of each 
oxide contains 0*239 ^d 0*385 gm. of oxygen re- 
spectively. 

Detcnninc the equivalent of the metal in ewh 
cudde and show that these figures axe in agre ement 
with the Law of Multiple Proportions. (CX.) 
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wth 30 c.c. of hydrogen, and the mixture is ejqjloded. 
If the resulting volume of gas is 8 6.C.,- find the per- 
centage of oxygen present In the original volume of 
gas. (CW 3 .) 

28. State Avogadro's Hypothesis and show that 
the Law of the Combination of Gases by Volume is a 
necessary consequence of Its truth. 

What contraction In volume occurs when a mixture 
of equal volumes of h3nirogen and air is exploded 
and the products brought to the original temperature 
and pressure? (O. and C.) 

29. 0785 gm. of a chloride of mercury yielded, on 
reduction, 0*667 §™* of mercury. 

0*678 gm. of another chloride of m er c ur y yielded, 
on reduction, 0*501 gm. of mercury. 

Calculate the equivalent weight of mercury in each 
case and comment on the results obtained. (CX.) 

30. Define the terms 'gaseous density/ 'molecular 
weight.' 

Describe a simple experimental method for deter- 
mining gaseo\is density. 

The vapour densities of the two chlorides of an 
element are respectively 63*5 and 81*25. 1° ^ gram 
molecular wei^t of eacii chloride there is 5^ 8™* 
of the element. Show that the composition of the 
chlorides is in accordance with the Law of Multiple 
Proportions, (D-) 

31. Calculate the weight and volume (at N.TJ*.) of 
gas liberated, when 10 gm. of caldum carbonate are 
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heated to constant weight. What volume of hydro- 
chloric add containing lo gm. per litre of HCl will be 
required to react with the solid product? 

( 0 . and C.) 

3a. How many c.c. of a solution of sodium hydroxide 
containing ao gm. per litre would be required to 
neutralire 100 c.c. of a solution of sulphuric add 
containing 25 gm. per litre? (B.) 

33. Stale Graham's Law of Gaseous Diffusion. How 
would you show experimentally that hydrogen diffuses 
more rapidly than air? 

The ratio of the rate of diffusion of a certain gas 
to that of oxygen is 8 : 9*6. What is the molecular 
weight of the gas? (L-M-) 

34. What do you understand by the 'equivalent 
weight’ of an element? 

0‘33 gm. of a certain metal, when dissolved in 
hydrodiloric add, yielded 442 c.c. of hydrogen 
measured at 16® C. and 75 cm. pressure. Calculate 
the equivalent weight of the metaL Sketch an 
apparatus you would use to carry out the above 
experiment, and state what precautions you would 
take to ensure a good result. (C.W 3 .) 

35. A metal forms two oxides; i*ooo gm, of each 

oxide contains 0-239 0*385 guL of oxygen re- 

spectively. 

Determine the equivalent of the metal in each 
oxide and show that these figures are in agreement 
with the Law of Multiple Pro po r ti ons. (CX,) 
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with 30 c.c. of hydrogen, and the mixture is exj^ed 
If the resulting v’olurac of gas is 8 dc,, find the per- 
centage of oxygen present in the original voloroe of 
gas- (aW3.) 

28. State Avogadro’s Hypothesis and show that 
the Law of the Combination of Gases tty Volume is a 
necessary consequence of its truth. 

What contraction in volume occurs when a mixture 
of equal volumes of hydrogen and air is exploded 
and the products brought to the original temperature 
and pressure? (0. andC.) 

29. 0-785 gm. of a chloride of mercury yielded, on 
reduction, 0*667 8™- of mercury. 

0*678 gm, of another chloride of mercury yielded, 
on reduction, 0*501 gm. of mercury. 

Calculate the equivalent weight of mercury in each 
case and comment on the results obtained. (CX.) 

30. Define the terms 'gaseous density, ' 'molecular 
weight. ' 

Describe a simple experimental method for deter- 
mining gaseous density. 

The vapour densities of the hvo chlorides of an 
element are respectively 63*5 and 81*25. In a gram 
molecular weight of each chloride there is 56 gm- 
of the eleraenL Show that the composition of the 
chlorides is in accordance with the Law of Multiple 
proportions. (D.) 

31. Calculate the weight and volume {at N.TX.) of 
gas liberated vshen 10 gm. of caldum carbonate are 
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40. Explain the meaning of ‘ equivalent weight/ 
and ‘ atomic weight.' 

A metal forma a chloride containing 73'8 per cent of 
the metaL Calculate the equivalent wei^t of the 
metal. (O. and C.) 

41. What ia the equivalent weight of an element? 
Describe a method which could be used for finding 
the equivalent weight of a metal eUh«r by synthesis or 
analysis of its chloride. 

A metal forms two anhydrous chlorides. 2-2y gm, 
and 2*90 gm. of the chlorides can be produced re- 
spectively from I gm. of the metaL The equivalent 
wei^t of chlorine is 35*5. Calculate the two equivalent 
wel^tfl of the metal. (D.) 

42. Explain and illustrate the terms ‘element’ and 
'equivalent.' 

Find the atomic weight of a divalent metal, i gm. 
of which yields I'hjS gm. of oxide. ( 0 . and C.) 

43. State the Law of Multiple Proportions and show 
how it may bo deduced from Dalton's Atomic Theory. 

Water and hydrogen peroxide have the following 
compositions by weight : 

Hydrofon, ii-ii per ceot. Oxygon, 8S *39 per cent. 
Hydngtn ptnandt: Hydrogen. per cant. Oxygen. 94-1* 

per cent. 

Show that these figures ore in agreement with the 
law- (L.M.) 

44. Define the term 'equivalent.’ 1-402 gm. of a 
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36. Given some pure sodium carbonate crystals, hovr 
would you find the strength of a given solution of 
sulphuric add? 

I gm. of anhydrous sodium carbonate neutralired 
50 C.C, of a solution of sulphuric add. What was the 
strength of the add solution in gm. per litre? 

( 0 . and C.) 

37. Given slaked lime, caustic potash, manganese 
dioxide and a concentrated solution of hydrochloric 
add, what experiments would you make to prepare 
(a) bleaching pmrder, (b) a spedmen of potassram 
chlorate free from chloride? 

What volume of chlorine at 17* C. and 750 mm. 
pressure has been used in the formation of zo gm. 
of potassium chlorate? (D.) 

38. You ore provided with some iron filhrgs, sulphur, 
and concentrated sulphuric add. State the prepara- 
tion of three gases in which these chemicals are used. 
Give the practical detafls of preparing and collecting 
several jara of one of the compound gases. 

What volume of this gas could be theoretically 
obtained at 15" C, and 700 mm. if the weight of the 
solid substance used was 50 gm. ? (B.) 

39. Describe an apparatus by which a constant 
supply of hytirogeu sulphide gas could bo obtained. 

^Vhat volume of hydrogen sulphide gas, measured 
at 15* C. and 750 mm. pressure, would precipitate 
0*5 gm. of cupric sulphide, if passed through a solution' 
of cupric sulphate and completely absorbed ? (C.L.) 
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Element Symbol Exact Approximate 

Atrunlc Weight Atomic Wdght 


Alnmlnliim , 


. A 1 

37-0 

37 

Antimony • 


. Sb 

121-8 

122 

Arpm 


. A 

39-94 

40 

Anenlc 


Aa 

7496 

75 

Bailnm 


. Ba 

I 37-37 

137 

Bixmnth 


. Bi 

209 -o 

209 

Boron 


. B 

I 0 -S 3 

11 

Bromine 


. Er 

79-93 

80 



. Cd 

113-40 

IIS 

rjL- 4 T>Tn ^ 


. Ca 

4(>07 

40 

Carbon 


. C 

13-00 

13 

Chlorine 


. a 

35-46 

33 -3 

CTliroa n lu m 


. Cr 

^a-oi 

53 

Cobalt 


. Co 

5S94 

59 

Copper 


. Cn 

63-37 

63-6 

Gold 


Aa 

197-3 

197 

Hnlfirm 


. He 

4-00 

4 

Hydrogen 


. H 

i-oo8 

1 

Iodine 


. I 

126-93 

127 

Iron 


. Fo 

53-84 

36 

Krypton 


. Kr 

62-93 

83 



. Pb 

307-20. 

207 

Hagnechnn 


. Mg 

24-32 

34 

Manganeee 


. Mn 

5493 

55 

hfercQjy , 


. Hg 

300-6 

301 

Keon 


. No 

20-2 

• 30 

Nickel 


. Ni 

58-68 

59 

Nitrogen 


. N 

14-01 

14 

Oxygon 


. O 

16-00 

16 

Fhoepbcmu . 


. P 

31-03 

31 


1*9 
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metal displaced 0'05r gm. of hydrogen from a diltite 
add. \Vhat is the equivalent of the metal? (B.) 

45. Give a careful definition of the term '^nivalent' 
or ‘ combining weight * of an clement. 

With the necessary practical details describe few 
distinct methods for finding the equivalent of copper. 

3-2 gm. 0/ a metoi react exactly with 13*07 gm. 
of sulphuric add. Calculate the equivalent of the 
metal. (C.WJB,) 

46. \Vhat is the equivalent weight of an element? 
How is it related to the atomic weight of the element? 

0*375 gm. of ainc on solution in hydrochloric add 
gave 135*3 of hydrogen at 15* d and 780 mm. 
pressure. What is the equivalent weight of rinc? 

(0. and C.) ’ 

47. Describe an experiment to determine the com- 
position of steam by volume. State Gay-Lussac's 
Law of Volumes and Avogadro’s Hypothesis and 
hence show how yon could establish the equation 
2H, + O, = 2H,0. 

50 c.c. of a mixture of equal volume* of hydrogen 
and ojtygen are exploded in a eudiometer tube. Find 
the volume and composition of the re m ai n ing gas 
measured at the same pressure, if the whole experi- 
ment is performed (a) at 100® G, (4) at o® (X (B.) 

48. Calculate (a) the volume of dry hydrogen, 
measured at 17® C., and 720 mm. pressure, required to 
reduce 26*33 gm- of cupric oxide to metal, (4) the weight* 

of copper and of water obtained. [Cu— 63.] (D.) 
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Element 


Symbol 

Exact Approximate 

Atomic Weight Atomic Weight 

Ahrmfnfrnm , 


. A 1 

27-0 

»7 

Antimony 


. Sb 

121*8 

122 

Argon . 


. A 

39 ^ 

40 

Arwnlc 


A« 

74 ■96 

75 

B^riom 


. Ba 

137-37 

137 

Blgmoth 


. Bl 

209*0 

209 

Boron . 


. B 

10-82 

11 

Bmmfnw 


. Br 

79-92 

So 

Cadtolnm 


. Cd 

112-40 

1X2 

,Caklum 


. Ca 

4CK7 

40 

Carbon 


. C 

12*00 

12 

OtloriiM 


. a 

35-46 

35-5 

t^rnrn hi m 


. O 

32*01 

32 

Cobah . 


. Co 

58-94 

59 

Copper 


. Co 

6357 

63-6 

Gold . 


An 

197*2 

197 

Helinin 


. He 

4-00 

4 

Hydrogen 


. H 

i-oo8 

I 

Iodine . 


. I 

126^3 

127 

Iron 


. Fe 

53-84 

36 

Krypton 


. Kr 

82-92 

83 

Lead 


. Pb 

207*20. 

207 

Mftgryliiiii 


. Mg 

24-32 


Manganese . 


Mn 

5493 

33 

Mercury . 


• Hg 

200-6 

201 

Neon . 


. No 

20-2 

- 20 

Nickel . 


. m 

58-68 

59 

Nteogon 


. N 

24-01 

14 

OaygTO 


. O 

16-00 

16 

Fbospboma . 

t * 


. P 

1*9 

31*02 

31 
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metal displaced 0051 gm. of hydrc^en from a dilute 
add. \Vliat is the cquix-alent of the metal? (B.) ‘ 

45. Give a careful dchnition of the tenn ’equivalent' 
or * combining weight' of an element. 

With the necessary practical details describe hw 
diiiintt methods for hading the equivalent of copper. 

3-2 gra. of a metal react exactly with 13*07 gm. 
of sulphuric add. Calculate the equivaJent of the 
raetaJ. (C.W.B.) 

46. What is the equivalent weight of an element? 
How is it related to the atomic wei^t of the clement? 

0*375 6™* solution in hydrochloric add 

gave 135*3 of hydrogen at 15* C and 780 num 
pressure. What is the equivalent weight of dne? 

{0. and Q ' 

47. Describe on experiment to determine the com- 
position of steam by volume. State Gay-Lussac's 
Law of Volumes and Avogadro's Hypothesis and 
hence show how you could establish the equation 
2H, + Of — zHfO. 

50 C.C. of a mixture of equal volumes of hydrogen 
and oxygen are exploded in a eudiometer tube. Find 
the volume and composition of the remaining gas 
measured at the same presture, if the whole experi- 
ment is performed (a) at 100“ C., (i) at o” G (B.) 

48. Calculate (a) the volume of diy hydrogen, 
measxired at 17’* G, and 720 mm. pressure, required to 
reduce 26*33 gm. of cupric oxide to metal, (2*) the weights 

of copper and of water obUined. tCa—63.] (D.) 



TABLE OF ATOMIC WEIGHTS 


Elaownt 

Symbol 

T’-rflirt 

Apprortmite 



Atomic Wdgfat Atomic Wdght 

Ahnnlnhim . 

. A1 

87-0 

27 

Antimony 

. Sb 

iai-8 

112 

Axjon . 

. A 

39-94 

40 

Arienic 

Aa 

74-96 

75 

Barium 

. Ba 

137*37 

137 

Bumirth 

. B1 

109-0 

209 

Boron . 

. B 

io-8a 

II 

Bromino . . 

. Br 

79'9-a 

80 

Cadmhtm 

. Cd 

111-40 

II3 

raWnin 

. Ca 

4CH57 

40 

Carbon 

. C 

13-00 

11 

Chlorine 

. a 

35-46 

35-5 

^hliBlltnm , , 

. Cr 

5301 

3* 

Cobalt . 

. Co 

58-94 

39 

Copper 

. Co 

63-57 

63-6 

Gold . 

An 

197-3 

197 

TTwlliim ^ ^ 

. He 

4-00 

4 

Hydrogen 

. H 

1-008 

I 

Iodine . 

. I 

116-93 

127 

Iron 

. Fe 

55-84 

36 

Krypton 

. Kr 

82-91 

83 

Lead 

. Pb 

207-20. 

307 

Mtgrwiimn 

• Mg 

24-32 

M 

Mangancee 

. Mo 

54-93 

33 

Mercury 

. Hg 

100-6 

201 

Neon . 

. Ne 

10-2 

— 30 

Nickd . 

. N1 

38-<58 

59 

Ntoogen 

. N 

1401 

14 

Oxygen 

. O 

16-00 

16 

Fboapboma . 

. P 

31-02 

31 


1*9 
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raetal displaced 0*051 gm. of hydrogen from a dilate 
add. ^V^^at is the cqul\’alent of the metal? (B.) ' 

45. Give a careful definition of the tenn ‘equivtlent' 
or ‘ combining \veight ' of an element. 

With the necessary practical details describe two 
didind methods for finding the equivalent of copper. 

3*2 gm. of a raetal react exactly vrith 13*07 gm. 
of sulphuric add. Calculate the equivalent of the 
metal. {C.W.B.) 

46. What is the equivalent weight of an clement? 
How is it related to the atomic weight of the element? 

0*375 gm. of dne on solntion in hydrochloric add 
gave 135*3 c.c. of hydrogen at 1$^ C. and 780 mm. 
pressure. "What is the equivalent weight of fine? 

(0. and C.) ‘ 

47. Describe an experiment to determine the com- 
position of steam by volume. State Gay-La*sac’s 
Law of Volumes and Avogadro’* Hypothesis and 
hence show how you could establish the equation 
aH, -f O, — 2H,0. 

50 c,c. of a mixture of equal volumes of hjdrogen 
and oxygen are exploded in a eudiometer tube. Find 
the volume and composition of the remaining gas 
measured at the same pressure, if the whole eiqjeri- 
ment is performed («) at loo"* C., {b) at 0" C. (B.) 

48. Calculate (a) the volume of dry hydrogen, 

measured at 17® C., and 730 mm. pressure, required to 
reduce 26*33 gm. of cupric oxide to metal, (^) the weights 
of copper and of water obtained, [Cu-*63-3 (D.) 



TABLE OF AQUEOUS VAPOUR PRESSURE 
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Elrarat Symbol Fwrt AppnrdMt* 

Atomic wricbl Atomic Wdjlt 


Platinum 


. Pt 

195*3 

iw 

PotassJum 


. K 

59 'I 

39 

Radon 


. Rn 

^* 3*5 

232*5 

Seteniom 


. S« 

79*3 

79 

Silicon 


. Si 

28*J 

*8 

Sil\*tr 


. Ag 

107*83 

108 

SodJmn 


. N» 

33*00 

33 

Strontium 


. Sr 

87*63 

88 

Sulpbor 


. S 

32*06 

3 ^ 

m 


Sn 

1187 

SI6 

XetKm 


. X© 

330*3 

130 

Zinc . 


. Zo 

65*38 

65 



TABLE OF AQUEOUS VAPOUR PRESSURE 


TemperEtaue 

•c. 

PiDUUlB 

remgeratnic 

PreoQTO 

La mm. 

o 

i 4-6 

11 

9*8 

I 

4*9 

la 

10-3 

1 

1 5*3 

13 

li-a 

3 1 

1 5*7 

M 

la-o 

4 1 

6-1 

13 

ia-8 


^5 

l6 

, »3-<* 

6 ' 

7-0 

12 ' 

14’5 

7 

TA 

itt 

15*5 

S 

5-0 

19 

16-5 

9 

8^ 

20 

17-5 

zo 

92 




jy 
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EJnnent 


Symbol 

Exact Approilfliite 

Atomic Weight Atomic Weigh 

Platinum 


. Pt 

195'! 

195 

Potossiam 


. K 

39*1 

59 

IladoQ 


. Rn 


m-5 

Selonhim 


. So 

79 -i 

79 

SQlcon 


. Si 

a8-3 

38 

Silver 


. Ag 

107 -SS 

100 

Sodium 


. Na 

33*00 

*3 

Strontium 


. Sr 

87*63 

68 

Solphar 


. S 

34*06 

5* 

Tin 


So 

US'? 

1x6 

Xenon 


. Xe 

ISO'S 

130 

Zinc 


. Zn 

63-38 

65 




tAvaUaU tiljl d> 
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Element 


Symbol 

Exact Approximate 

Atomic Wright Atomic Weight 

Platinum 


. Pt 

1951 

195 

Potanlom 


. K 

39-t 

39 

Radon 


. Rn 

.233-3 

333*3 

Selenium 


. So 

79*3 

79 

Silicon 


. SI 

38-3 

38 

Sflvcr 


• Ag 

107-88 

108 

Sodium 


. Na 

33-00 

33 

Strontium 


. Sr 

87-63 

68 

Sulphur 


, S 

32*06 

3^ 

Tin 


. Sn 

1187 

I18 

Xenon 


. Xc 

130*^ 

130 

Zinc 


. Zn 

6338 

63 
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•51 3*43 3^3* I 3*38 3166 3173 3481 

•3* 33” I 33«9 33*7 3334 334* 333«» 3337 
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ANSWERS 

CHAPTER I. Gi» pp. S, 7, 9 

1. {«) 30; (b) 6; (e) 240: (i) i*o; (<) 600; (/) 30 cx. 

1. («) 3; (b) 8; (e) ^o; (d) O'^; («) (/) 400 atmo«pberei 


3. 

{a) 10,000; (b) 

100; 

; (f) 2.000: 

(rf) 200 

: (») 4.000; 


800 CO. ft. 





4. 

10,000 

0. 

38 XX 

6. 

360 XX 

7. 

3,157 mm. 

6. 

II XX 

9. 

28-3 XX 

10. 

g atmocpberet 

11. 

300 nun. 

12. 

99 gm. 

18. 

240 C.O. 

14. 

300 XX 

13. 

20 XX 

16. 

1*0 cx. 

17. 

135 

16. 

54-1 c.x 

19. 

666-7 C.C. 

20. 

Oxygon: I33XX21. 

193® c. 

n. 

546* 

23, 

TbeUttvr; 

4*3 c-o. 


S4. 

37*3 cx. 

is. 

mm. 

26. 

283*0. 

*7. 

500 cx. 

28. 

27*7 XX 

29. 

1.440 XX 

80. 

57*6 c.a 

31. 

Xl^ XX 

31 

13-0 XX 

33. 

191 C-X 

24. 

600 yards 

26. 

8 XX 

Sfl. 

*5-9 cx. 

87. 

37-3 XX 




CHAPTER H. EotnvAiun*, p. 18 


1. li*l6 

1 32-3 

8. 20 

^ 9-3 gm. 

6. 6 

6. 31 

7. 9 

8. 29-3 

9. too 

10. 103-5 

11. 23 

U, 20 

12. i5.g 

14. 213 16. : 

[-12 litTM; 1-12 

16. 31-8 

17 . i 3'16 

18. 9 

10. loS 

10. 77-8; 103-3 

*1- 33-3; 6 

*1 113 

21 21 

24. (0) 52-9; (b) 20-2 

26. 33-8 

143 




ANSWERS 


CHAPTER I. Ga* Law*, pp, 3, 7, 9 

(*) 30; W 6; («) *40; (rf) 120; (•) 600: (/) 30 c,c. 

1 (fl) a; 8; (c) 40; (rf) o-4; (*) o-8; (/) 400 Atmo*pIiere* 

3 . (a) 10,000; (6) 100; (c) a.ooo; (i) 200; («) 4,000; {/) 
800 Ctt. ft. 


i. 10,000 

a. 38 C.C 

6 . 360 cc 

7 . 3,167 rnm. 

6. IJ CC 

9 . 28*3 cc 

10. 9 ttmocpberm 

11. 300 mm. 

IS. 99 gm. 

18 . 140 ox. 

14 . 300 cc 

18 . 30 cc 

10. 110 cx< 

17 . 133 C.C 

IB. 34*1 cc 

19 . 6667 0,0. 

10 . Oxygen; 133 cell. I93*C. 

H M6* 

la. The Utter; 

4-3 cc 

8 ^ a7-3 ox. 

la. 94X mm. 

so. 383 * C. 

17 . 500 cx. 

18 , 37-7 cc 

19 . 1,440 cc 

80 . 37-6 cx. 

31 . ii 6 * 9 CC. 

31 . 130 cc 

S 3 , igi C.C. 

84 . 600 yvda 

sa. 8 cc 

80 . 2j-g c.c. 

87 . a7'3 cc 



CHAPTER II. EflUTVAUjrts, p. 18 


1. 11-16 

». 3 ^’S 

8 . 20 

L 9-3 gni. 

6. 6 

6. 3a 

7 . 9 

8 . 29*3 

9 . 100 

10. 103.3 

11. 33 

IS. 20 

18 . 13«9 

14 . 3ia la. ; 

I-I2 litres; i-ia litres 

18 . 31.6 

17 . I 3 'l 6 

18. 9 

10 . loS 

10. 77-6: 103-5 

SI. 33 * 3 ; 6 

12. 113 

13 . 21 

S 4 - (a) 33.9; (6) 20-2 

M. 33.8 

143 
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13. i8i*fl gm. 14. 3 15. ii-alitret 

18. 1-23 gm. 17. i6'3 tonj 18. 8-4 gm. 

19. 50 Ib. 20. 14-66 gm.; 5*34 gm. lunmonta 

11. Poturimn 21. (a) 14*6; (6) 25-8; (c) 21-25; ^ 7 "^y> 

(*) i3'*5; (/) gni- 13. 1-64 gm. 

14. a-8 gm.; 10 gm. 15. 6-67 gm.; 23-67 gm 

18. 6*21 gm; 0-54 gm 17. 80 

18. 96 lb. too little 10. 5833 O.C. 30. id o.c. 

31. 11-2 Utrea; the cune 31. 5,600 litre* 

33. 3,360 34. 5-6 Ihree bydnsgem; i-S litre* oxygen 

35. 4-5 litre* 36. 2-24 Utree 

17. ii-a litre* nitrogen weighing 14 gm.; 33-6 litre* hydrogen 
weighing 3 gm 58. (I) 56 c.c.; (ii) 56 c-c. 

30. 882 cx. 40. 44-8 Utm 41. 15-6 litres 

41. («) 7'58; (5) 7-58: (c) 1-26 litre* 43. 87 

44. 203-3 8™- *0-27 litre* 48. 1936 cx. 

47. 1,515 ox. 48. 3-43 litre* 40. ac, 

50. 27-14 xc.; 95-4: 190-8; 0-1764 gm 


CHAPTER VII. SoLUBnxrts* Ajro SOLUBiUTY CtratvM. p. 67 
1. a-8 gm 1. 28 gm 4. 23; 94 ; 140 8. 36*2 


CHAPTER Vm. AxALYHa, p. 80 

1. (I) 17; (fa) 64; (tU) 30; (hr) 44; (t) 36-3; (Ti) a8; (vii) 44; 
(vtU) 71; (lx) 32; (x) 48 gm. 

1. (I) 11-2: (if) 22-4; (Hi) 2x4; (It) 4-48; (t) ii-*; (vl) ii-i; 
(tU) 6-72; (tIH) 44-8; (lx) 7-47; (x) 224 litre* 

3. P) 50; (U) 30; (Hi) loo; ^) 30; (t) 30 XX 

4. (I) aoo; (II) 300; (ill) 400; (iv) 100; (v) 130; (vi) 30; (vH) 230; 

(vHi) 150; (lx) loo; (x) 230 ox. 

5. (i) 160; (U) 21-3; (HI) 7; (hr) 12-73; ('') O'®: 0-28; 

(tU) 0-00415; (viH) 3.630; (U) 38; (x) 238 gm 

I. 
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CHAPTER IIL Some Chemical Laws, p. *8 

Li:i *. 4 : 3:9 5,i:»:3:4:5 

4. 3 ; 3 5. I : 1 0, 10 : i 

7 . 1:7 8. I'oSgm. tawliocach ca»oftve» i*i6gni.oiiil« 

0. 3 : 1 


CHAPTER IV. Molecular aku Atomic WEiOKTf, p. 

l'33-3;7t 5.17 5-17 4-44 

C- («) 4; (6) 4S: («) 3^'S> (<0 93; (*) 34*J {/) *46 
8 . 631 7. 115 : 430 S. I 18 


0. 63-2 C.C. 

10. 200 

U. 163 

12. 0*303; 99'25 

18. 110 

14- 837 

16. 39 

16. 71 

17. 906 

18. 63.6 

U. xoS 

50. 26; 6; 96 

51. 187; 3; 56*1; 

; XCL 

18. 900 

U. 17 * 3 : 36; 33 
28. 14 

24. 60 

J7. 33-3 

28. iz 8 ;MCIi 


CHAPTER V, Formulae axo Compo*itio« ar WaiaHT, p. 30 

1 . (i) K 31*8; Q 19-0; O 39*9: (U) Na 43-4; C 11*3; O 45 ' 3 ’ 
(iil) H 274; a 97*26; (Iv) N 29-2; H 8’33; Ci3'5; O 50. 

5. (I) Ca(OH),: (ti) CaCO,; (Ui) FeS; (iv) KHCO,; (v) KNO, 

», (Q Na^,: (tt) CuS 04.5H,0 ; (HI) ZjiS 0,,7H,0 ; (Iv) Pb,0,; 

(v) KjCrfi, 4. CON^ 

6. AyCI 6. C,H4Br, 7 . CH,N 


CHAPTER VI. Reactwo Quamtitiw FROM EacfATioK*. p. 54 

1. 39 gm. a, 94 gta. 3. 260 tons In each caae 

4. 903 lb.; k* (170 lb.) 5.607 A loogm.nltrouaoxWa 

7. 14*8 8, 36^ per cent S' *8*® 

10. 148 gm. lL3'9Sm. I*. 361 gm. 
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CHAPTER Xn. UiBCEtXAifEOUS Probixus, p. 117 

SS*®: 59-4 J. S. N/io, l.e. 4 gnu perlitre 

A 100 8. 355*5 c.c. 8. S <^'5 «^>c* 

7.46 8.83*0. 9. 31'5 per cent 

10. 42*1 litrw 11. 47*3 IS. 120 

13. 0-84 gm. 14. C^H, 18. N,H*0^ Le. NH*NO, 

lA Ritlo ii I : 2 17. 10 C.C. nitrogen end 5 c.c. c try g en 

33'25 19. i8*o so. Ratio i* 2 : 3 

0-624 ton SJ. 253 S 3 . 80 

262 c,c. £6. 3-67 gm. 16. 40 

70 28. 31*5 per cent 

200-6; 100*5. Recolts Uhutimte Law ol Multiple Proportkmi 
Ratio la 2 : 3 81 . 4-4 gm.; 2-24 Utrea; 730 cx. 

102 c.c. 33. 44-1 34. 897 

25-5; 13*8. Ratio 2:1 33. i6'5 

984 

Vol. of S0| formed from 50 gm. nlpliar; 

4- S - 3SO, -f 2H»0. 

«• itO‘3 Utm; 

hydrogen tnlphide from 30 gm. FcS — 14-6 Htrea. 

89 . 135-2 cx. 40 . 100 41 . 28'0; 187 

43 . X4-31 43 . Ratio it l : 3 44 . 27-5 

48 . 11-99 46 . 31-65 

47 . (a) 25 C.C. fteam; 11-5 c.x oxygen: (6) 12-5 c.c. oxygen 

48 . (a) 8-37 Utr ei; (6) 31 gm. copper; 6 gm. water 
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0. 30'5 7. 46‘9 8. 6o c.c. NH,: 1470 c.c. N; 4410 cc. 

0. 21 per cent oxygen: 79 per cent nitrogen. 10. 

11. (d)79C,c.N; i8c.c.H; ^)79C.c.N: i8c.dH;4ac.c,H,0 
li. 4 per cent. 13. 8*5 c.c. methane; c.c. nitrogen 
14. 40 percent C0|: 60 per cent CO 18. C|H4 

16. C,H| 17. C,H, 18. i»CO; laH; 8N 

le. 57 20. 45 C.C. 21. 50 


CHAPTER IX. VoLOiamuc AwAtvia, p. 88 

1. (a) 49; (i) 36 5; {c) 63: (rf) 40; (#) 56: (/) 53; (x) W 
(A) 43; (0 63 

1 . (e) N/io; (b) %N; (c) N; (rf) 77/5; {.) x-25 x N/io; (f) iN; 

• U) ^l5'i (A) ^ (0 X N 

2. 60 4. *25 

8. (a) zo c.a; (8) 100 cc; (r) to c.c.: 200 c.c.; (#) 50 e.c. 

6. (a) ^ X J//10; (t) z*9fin. pcrUtre 7. 18 

8, 004 X 0. 200 C4X 10. 1*58 

11. <*8 IS. zoo IS. 50 

14. 71 18. it't 16. 90*6 

17. Sulphate; 14*0 c.c, 18. 27-4 gm. 

18. X — I 20. 3-Z3giii.;45ocx. 21, i‘44gm, 

22. 136 2S. 21-9 24. 1*01 gm. 


CHAPTER X. Mi*CKUjUf*ou» PaottXMf: Womoco 
Exavka. p. 94 

Sxainplee wozhad in text 


chapter XI. MitcaaLAKxout Pkobixm: with Hurt* 
ran Aztivku, p. 108 

Aniwcre not toppliod to tbeeo example*. 
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CHAPTER xn. MiscEtuufEOUB Problzui, p. 117 

38-8; 59’4 J. 8. N^/io, Le. 4gni.perlltrB 

i. 100 a. 355.5 C.C. fl. 307-5 cx. 

7. 46 8. 83* C. 9. 31-5 per cent 

10. 4a-i Utrei 11. 47-3 IS. 120 

13. 0-84 gm. 14. IS. N|H*0^ Le. NH.NO, 

16. Ratio U I : a 17. lo cx, nitrogen and 5 c.c, ox y gen 

18. 53-25 19. i8-o SO. Ratio if a : 3 

Si. 0-624 ^ ^35 S3. 80 

Si- 262 C.C, is. 3-^ gm. SIS. 40 

87. 70 25. 31-5 per cent 

50. 300-6; 100-5. Reeclti Ulaftrete Law of Mnltiple Propor tl ona 

30. Ratio la a : 3 81. 4-4 gm.; 3-24 Utiea; 730 ac. 

51, 102 cc, 33. 44-1 14. 897 

35. 33-5; la-a. Ratkj a : i 86. 18-3 

57. 964 C.C. 

58. VoL of SOj formed from 30 gtn. •nlphur: 

oHjSOi S - 5SO, + 2n/>, 

— IfO'3 litre*; 

bydrogeai eulphlde from 50 gm. FeS -» 146 Utrei. 

50. 125-2 C.C. 40. 100 41. 28-0; 187 

42. 24-32 48. Ratk) If 1 : 1 44. 27-5 

46. 11-99 46, 31-63 

47. {«) 25 c.c. fteam; ia-5 c.c. oxygen ; (6) i3-5 c,c. oxygen 
*8- (•) 8-37 Htree; (6) 21 gm. copper; 6 gm. water 
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CHAPTER I 


THE GAS LAWS 


Boyle"* Law . — The volume of a given tnAtt of gas 
varies inversely as the pressure upon it. if the temperature 
isconsianl. 

V oc UTUcoartant; 
or PV - P^' rf T i» ctmrtant, 

Charlo*** Law . — The volume of a given mass of gas 
varies directly as the AB30LHTB temperaiare, if the 
Pressure is corxstant. 

V ac T At*. HPifcojurtajJt; 
or VT' - VT: If P b coaitant. 

[Ab*olata temperttaro Cestigiade 4- ayj.] 

Third Law . — The pressure of a gix>en mass of gas 
varies directly as the absolute temperature, if the 
volume it constant. 

P oc T Ab*. a V is cQostaat; 
or PT" — PT il V b constant. 


The Gas Eqtiatioo. (cottjblning all three lavra). — For m 
given mats of gas. the product of the preuure and volume, 
divided by the absolute temperature, is a constant. 

pv , pv PV' 

Tjr- _ a constant, Le. -y -• «•— ij»-,etc. 


fN3. — ^The constant Is usually represented by R, 
and the equation is then written PV — RT.] 

» I 
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(iv) Some nitrogen, occopying 246 c.c., is at a 
pressnre of i atmosphere ( -» 760 mnn). If it is 
introduced into a evacuated globe of 2 litres capacity, 
what will be the pressure in the globe? (T constant.) 
pv - 

246 X 760 — jr X 4000 

'■ lOOO 


Peoblzhs, 

A- Boyle’s Law. — [Talce temperature as constant 
throughout] 

[N 3 . Nos. 1-4 to be worked by mental arithmetic.] 

1. Some neon occupies 60 c.c. at i atmosphere 
preasore. What will be its volume at 

(«) 3 atmoapberea, 

(&) 10 atxDOCpbcree, 

(c) ^ atnjocphare, 

380 nnn., 

(*) 76 mm., 

(J) 1320 mm,? 

2. A certain mass of nitrogen occupies 100 c.c. at 
4 atmospheres pressure. What must the pressure 
be to Tnflkff it occupy 

(«) 300 cue., 

(6) 50C.C., 

(<) 10C.C., 

(i) IOCXJC.C., 

it) 300 c.c., 
if) I cx.? 



2 ELEMENTARY CHEMICAL CALCULATIONS 
Stindtrd or Norm&l T emp e M .tufe and Pressure 
(S.T.P. or N.T.P.) are o® C, and 760 mm. 

One atmosphere is a pressure of 760 ram. 


Examples. 

A. Boole's Law. 

(i) 100 c,c. of hydrogen are at a pressure of 760 mm. 
What volume will the hydrogen occupy at 380 mm., 
if the temperature does not change? 


Here the pressure Is to be halved (380 < 


760 


), hence 


by Boyle’s Law, the volume win be doubled. Therefore 
the volume of the hydrogen at 380 mm. will be 100 x 3 
— 200C.C. 

(U) A volume of 300 c.c. of oxygen, measured at one 
atmosphere pressure, is to be compressed into a bottle 
of capacity 100 c.c. What pressure will be required, 
supposing the temperature to remain constant? 

The volume is to be reduced to one-third of its 
original value; hence the final pressure must be three 
times the original pressure- The required pressure is 
therefore 1 x 3 “» 3 atmospheres. 

(iii) 115 c.c, of chlorine are at 700 mm. pressure, 
\Vbat volume will the gas occuj^ at 280 mm. pressure, 
if Tis constant? 

PV - 

115 X 700 — aBo X * 

•• »Bo 

•" cx . 
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the tap between them opened. What wiU be the 
final pressure throo^out the two cylinders? 

11. 3 litres of ddorine, measured at 700 mm. 
pressore, have to be compressed into a flask of 
2100 c.c. capacity. What hicreaso of pressure will be 
necessary? 

12. A tube containing a gas at i atmosjfliere 
pressure weighed, inclusive of the contents, 100 gm. 
The same tube filled with the sam e gas at 2 atmo- 
spheres pressure weighed, inclusive of the contents, 
loi gtn. Find the wel^t of the tube empty. 

Exavtzxs. 

B. Cluudei’a Law, 

(i) 100 c.c. of oxygen ore at a temperature of 0* C. 
The temperature is then raised to 273® C What 
volume wfll the oxygen now occupy, if the pressare 
remains constant? 

First, change the temperatures to the Absolute scale : 

o* C. - o 4- ^73 - 373* Aba 
373* C. - 373 + *73 Aba. 

Therefore the Absolute temperature of the oxygen 
is to be doubled, and since the vohnue of a ^ven 
nms of gas is directly proportional to it* Abwlute 
temperature, the volume also will be doubled 
The final volume of the oxygen is thus 100 x 2 
“ 200 C.C, 


(if) 125 c-c. of oxygen are at 17“ C What volume 
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3. Some helium occupies 1000 cubic feet at 76b mm. 
Calculate the volume it svould occupy at 

(а) 7*6 

(б) 7600 mm., 

(ej litlf aa atmocpbere, 

6 atmocpherc*, 

(<) X90 mm., 
if) ij ataxMpbeitj. 

4. A cylinder of capacity 20 litres contains argon at 
a pressure of 100 atmospheres. How many flasks of 
200 c,c. capacity could he filled from the cylinder, at 
one atmosphere pressure? 

5. A gas occupies 37 c.c. at 760 mm. What will 
be its volume at 740 mm.? 

6. A certain mass of oxygen has a volume of 3S0 c.c. 
at 720 mm. What vohme will it have at Normal 
pressure (760 mm.)? 

7. 100 C.C. of hydrogen at Normal p i essuie can be 
made to occupy 24 cue. if tl\e pressure is suitably 
altered. What must the new pressure be? 

8. 88 C.C. of oxygen ore at a pressure of 770 mm. 
The p re ssur e is then raised to 880 mm. By how much 
will volume of the oxygen diminish? 

9. Calculate the volume at Standard pressure 
(760 mm.) of some carbon dioxide that occupies 28-5 c.c. 
at 755 mm. 

10. A cylinder of 5 cu. ft. capacity co n t ain s hydrogen 
'at a pressure of 3 atmospheres. A second cylinder, of 

10 cu. ft. capacity, contains hydrogen at a pressure of 
12 atmogiieres. The two cylinders are connected and 
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Problems. 

B. ChsLrle*’* Law. — [Take pressure as constant throngh- 

out.] 

[N.B. Nos. 13-16 to be worked by mental arithmetic.] 

13. i2oc.c.of ga5areat373*Abs. The temperature 
is raised to 546° Abs. What is the new volome of 
the gas? 

14. 100 c.c. of air are at o'* C. The temperature is 
raij^ to 546'’ C What is the new volume of the gas? 

15. Some helimn occupies 2 c.c. at 27*3“ Abs. The 
temperature is then raised to 0* C. What is the volume 
of the helium at this temperature? 

16. A specimen of hydrogen occupies 240 c.c, at 
Nonnai temperature. What will be its volume at 
-i 36 - 5 *C.? 

17. The volume of a sample of chlorine at 91'’ C. is 
x8o C.C. The temperature is lowered to 0* C. Find 
the final volume of the chlorine. 

18. Some hydrogen ocenpies 36*0 c.c. at 15® C. 
Correct its volume to Normal temperature. 

19. 1000 c.c. of oxygen arc at a temperature of 27® C. 
Find the vc^ume at — 73® C- 

20. 546 C.C. of oxj^en at o* C. are heated to 137® C. 
546 of nitrogen at 300® C are heated to 427* C. 
^Vhich gas will expand more, and by how much more? 

21. T>to litres of air are measured at 100® C. At 
what temperature (“C.) would the vohimo become 
2| Utres? 

23 . 78 c,c. of neon are at o® C, What rise in 



6 ELEMENTARY CHEinCAL CALCULATIONS 

^vilI the gas occupy at 597® C, if the pressure does 
not change? 

17* C. — 17 + 373 •- ago® Ab«. 

597* C. - 397 + 373 - 870* Aha. 

Thus the Absolute temperature has been increased 

in the ratio and the voJmne must, therefore, bo 
290 

increased in the same ratio. 

final vohima of oiygeii — 135 x ^ — 125 x 3 
- 375 

(iil) 135 C.C. of hydrogen are at 17* C What volume 
will the gas occupy at 100* C, if the pressure is 
constant? 

Vir - VT 

17® C. — 390* Ab«.; ioo*C — 973* Afi*. 

.% 125 X 573 — jr X 290 

• , « X 373 

*90 

— 161 C.C. 

(iv) 142 C.C. of helhrm ere at 27® C. To what 
temperature (•C.) must the gas be heated In order that 
it may occupy 1000 c.c. at the same pressure? 

vr - VT 

«7* C. — 300* Al*. 

141 X M mm 1000 X 300 

• m « IQOO X 300 

" 14* 

M 3113* Abtoiuu, 

Lo. 3113-273 - ^840* CenOitrxle. 
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Peobleus, 

C. Third I-*w. 

25. Some hydrogen is contained in a sealed glass 
tube. The pressure in the tube at 22® C. la 775 mm. 
If the tube ia immersed in a bath of water at 
S5® C., what will the pressure in the tube then 
become? 

26. A bulb conlaina neon at o*l mm. pressure, the 
temperature being lo® C. If the pressure of the gas is 
required to be o *3 tom., by how much must the 
temperature be raised? 

PROBLEilS ON TBB GAS LAWS IK GENERAL. 

37. A gas occupies 100 c.c. at ~ 2457* C. and 
380 mm. Find its volume at N.T.P. 

28- A specimen of carbon monoxide has a volume 
of 30 c.c. at 15® C. 740 mm. Correct this volume 
to S.T.P. 

29. Some nitrogen occupies lao c.c. at N.T.P. If 
the temperature is raised to 546® C. and t^e pressure 
lowered to 190 mm., what will be the final volume of 
the gas? 

30. A sample of ammonia, has a volume df 10^ c.c, 
at 0® C. 760 inm. Find ita volume at 15® C. 1520 mni, 

31. 125 c,c. of chlorine are at 17* C. 755 mm. What 
volume will the gas occupy at S.T.P. ? 

32. 157 c,c. of hydrogen are at —10® C. and 
700 mm Calculate the volume of the gas at N.T.P. 
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temperature (“C.) is necessary to make the gas occupy 
334 cc.? 

33. One specimen ol carbon dioxide occupied 100 c.c» 
at 27® C. and another occupied 228*9 cc, at 390® C 
Which j^jccimcn would occapy the greater volume at 
100® C? What wooW bo the difference between the 
two final volumes? 

24. Some hydrogen occupes 29 c.c. at 17* C. Correct 
its volume to Standard temperature. 

Examples, 

C. Third Law. 

{!) 100 cc. of gas are at a pressure of 7x30 mm. and 
a temperature of 17* C. If the temperature is raised 
to 307® C., what will the new pressure be, assuming the 
volnma to remain constant? 

FT - PT 

700 X C307 4- a73)- P' X (373 + *7) 

• IK 700 X 5 ^ 

*■ 390 

(ii) A certain volume of gas is at 30® C. 740 mm. 
The volume is kept constant, and the gas is heated 
until its pressure is 2 atmospheres. At v^t tempera- 
ture wfll this pressure be reached? 

FT' - PT 

740 X T' — (» X 760) X (373 + 30) 

. T- - y 

740 

— 6*2 

/, tcDQpenUairt la *C.«" 622 — 373 
--S12r 
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F.YAtfp T-g. 

Somo oxygen, colloctod orer water, occopied 35 c.c, eX 6 *C. 
765 mm. Find lt> volume dry at N.T J*. 

PfiLMur e of aqneoui vapour at 6* C. — 7 mm. 

true presoro on tbe oxygen « 763 — 7 

— 758 ram. 

TDlnm.»tN.T.P, _ 

760 X 379 

- 54>3 ac. 

36, Calculate tlie volume, dry, at N.T.P., of a gas 
that occupies 28 c.c, at 14** C. 750 mm. when saturated 
with water-vapour. 

37. Some air was collected over water at 17* C., and 
was found to occupy 29 c.c. when the barometer stood 

774*5 mm. Find its volume, dry, at S.T.P. 
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33. 307 C.C. of coal-gas are at 15* C. 740 mm. Find 
the volume of the gas at 0* C. 760 mm. 

34. A lorry contains oxygen cylinders in wliich the 
pressure of the gas is lao atmospheres (temperature 
15^* C.). The cylinders would burst if the pressure 
reached aoo atmospheres. The lorry takes fire and 
the temperature of the cylinders rises at the rate of 
a® C. per second- The driver can nm 100 yards in 
16 seconds. Hmv far away from the lorry could he 
run before the explosion occurred? 

35. A cylinder contains a glass stopper and a certain 
volume of gas, the total volume of the stopper and gas 
being 141 c-c. at 13® C. 747 mm, On raiaing the 
pressure to 775 mm., without change of temperature, 
the total volume diminishes to 136'a cwc. Find the 
volume of the stopper. 

Noth.' — If a gas is allowed to remain in contact with 
sufficient >rater, it will become saturated with water- 
vapour. In this case the effective pressure of die dry 
gas itself is the external pressure on the moist gas 
minus the>pressure of a<}ueou3 vapour (water-vapour) 
at the temperature concerned. Thus, suppose some 
hydrogen Is saturated with water-vapour at 14® C., 
and that the moist gas is at a pressure of 735 mm. 
Then the effective pressure of the hydrogen Is 755 mm. 
minus the pressor© of aqueous vapour at 14® C. This 
can be found from the tables (cf. p. 131) ; it is 13 mm. ; 
therefore the true pressure of the hydrogen is 755 — 13. 
i.e. 743 mm. 
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(c) 200 gm. of merctiry combine with 16 gm. of 

200 X 8 

oxygen; hence the equivalent of mercoiy is — — 
— roo. 


(J) When treated with rinc, and suitably diluted, 
98 gm. of sulphuric add yield 2 gm. of hydrogen; hence 

the equivalent of sulphuric add is ^ 49. 

(#) When it reacts as an oxidfrfng agent, 316 gnu of 
potassium permanganate will yield 80 gm, of oxygen; 
therefore the equivalent of potassimn permanganate is 
316 X 8 , 


Examples. 

(i) Sodium hydride contains 4*17 per cent of 
hydrogen. Find the equivalent of fiodium. 

4'I7 gm. hydrogen combine with 95'83 gm. •odhxm, .\i gm.* 
hydrogen combines with gm, sodium 23-0 gm , iodlnjn 
Bence equivalent of •odlom a3-o. 


(ii) 0’36 gm. of a metal liberated 367 c.c, of hydrogen 
from a dilute add, collected over water at r6° C. 738 
mm . Calculate the equivalent of the metal 


Vaponr pretforo of wmter at lO** C, — 13*6 mm. 

/. piu— a re on hydrogen — 738 — 13-6 

— 714*4 mm. 

Corrected Tohnne of hydrogen " 367 X ^73 

289 X 760 

^ “ 3305 c-c- 

Weight of thii hydrogen — ^ gm , 
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EQUIVALENTS 

The Equivalent » 0/ a substance is the number of units of 
iff ikat tubsiaitcf iha/ ariii ccrttinita teiiA ur disphea 
\ of ike same units of weight of hydrogen or Tofiks tanu 
itniis af weight 0/ oxygen. 

The cquivalenta on the two standards are approxi- 
mately the same, since the equivalent of oxygen on the 
hydrogen standard is approximatdy 8. 

[A snbstsflce may i^ve more than one equivalenf, 
according to the wa5^ in which it reacts. Thus in 
red copper oxide the equivalent of copper is 63*6, 
while in the black oxide It is 3i'8. But in all such 
■cas^, the VEuioos equivalents of the same substance 
are related to one another in a very simple numerical 
way: thus, in the example given, 63-d » 3i'8 x a.] 

Examples. 

{«) 35*5 8UL of chlorine combine with i gm. of 
hydrogen; therofore the eqmvalent of chlorine is 35 '5. 

(6) 13 gm. (or or. or lb., etc.) of carbon will 
combiae with 4 gm. (or ox. or ib., etc.) of hydrogen. 

13 

Hence tlm equivalent of carbou is — -•3. 

4 

1 Sometime* kaovn ** 'eqxdv*l«at thU term U 

cot ftricUr coirtct, lioce tL« aqtUvkkot of * rabtUnc* U * ratio, 
notmw^bt- 
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1-15 — 1*00 ~ 0*15 gm. ■■ weight of oxygon cambining with 
i"00 gm, of metal. 

If 0*15 gm. of oxygen combine with 1 gm, of metal, then 
8 gm, of oxygen combhie with 

— 53*3 gm. of metaL 
equivalent of metal — 53-^. 


(vi) The equivalent of copper in black copper oxide 
^ 3175- Calculate the percentage compositioa of 
the oxide. 


Since the equivalent of copper ii 3I-73. 31-75 gm. of copper 
would be combined wtth 8 gm. of oxy gen. 

(3173 + 8) — 3973 gm. of the oxide contain 8 gm, of 

oxygen, and that 100 gm. of the code contain gm, of 

oxvaon 3973 

•'® —«>• I gm, oxygen. 

Henga percentage compoiiti n of the oxide 1* 

Co. 79.9: O. lo-i. 


(vii) 3*5 gm, of a metallic oxide are obtained from. 
2 gm. of metaL Calculate the equivalent of the mp tal 

If 0*5 gm. ox y g en combine with 3 gm. metal, 8 gm, oxygen 
comhiDe wtth ^ gia, metal 

- 33 gm. 

/. equivalent of metal — 32. 

(viii) On beating lead in ox^en, the weight in- 
creases by 7-73 per cent Calculate the equivalent 
of lead. 

The tnaeajo in weight ia duo to the convenlon of Ti-ad into 
lead oxide. 

Hence 773 gm, oxygen combine with lOo gm, lead, 8 gnu 

oxygen combine wtth — ^ Km. li-aH 

773 

— 103-5 S°^ 

>*. equfvaleiit of lead — io3-5. 
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H gm. of hydrogen if liberated by 0-36 gm. 

metal, then i gm, of hydrogen If liberated by 

® •' ® ^ i30-i X 

— la'i gnL metal. 

Hence equivalent of metal — 12-1. 

(ill) Tho equivalent of calcium is 20 . What weight 
of calcium would have to be dissolved in water to give 
300 C.C. of hydrogen at N.T.P.? 

30 gto. of caWntn liberate i gm. of hydrogen f*/ eouivalent 
of calcium it 3o). 

300 c,c, hydrogen at N.T.P. weigh x gm. 

— 0-037 Sni. 

Sloca X gm. of hydrogen i* hber&ted by 20 gm. of caldum, 
o-oay gm. of hydrogen it Ilberatod by — 

"" ^54 


(iv) 0*57 gUL of a metal yielded 105 c.c. of hydrogen, 
measured at 15® C. 740 mm> pressure. What is the 
equivalent of the metal? 


103 c.c. at 15* C. 740 mm. become • ** N.TJ, 

— 96-9 C.C. 

1000 c,c. of hydrogen at N.TJ^. weigh 0-09 gm. 

^ 0-09 X 96-9 



Since hydrogen are Hbeiated by 0-37 gm. metal, 

I gm. hydrogen would bo liberated by metal, 

- fi 3 r 4 ff®- 

Hence equivalent of metal « 63-4 . 


(v) IKJO gnu of a nietal yielded 1-15 gm. of the 
metallic oxide. Calculate the equivalent of the metah 
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I*i3 — 1-00 -■ 0-I3 gm. — wdght of oxygen crmbfaitog with 
I -00 gnt. of metaL 

If 0-I3 gm- of aiygeo coojhiiio with i gm- of mrttal, theji 
8 gm. of oxygen combine with ’ 

— i 3-3 gm. of metal, 
eqoivilent of metal — 35-3. 


(vi) The equivalent of copper in blade copper oxide 
^ 3I73- Calculate the percentage composition of 
the oxide. 


Since the oqnivaient of copper !• 31-75. 3175 gm. of copper 
voold be comUned with 8 gm. of oxygeo- 

C3173 -t- 8) *• 3975 fpm of the oxide contain 8 gm. of 

oxyg en, txKl that 100 gm. of the oxide contain ^ gm. of 
O'l y g ftn 3975 

— ao*i gm. o xyg en. 

Wwnca pocentage compoetd n of the cedde ie 
Co. 79.9; O. go-i. 


(vii) 3'5 gm. of a metallic oxide axe obtained from 
3 gm. of metal. Calculate the equivalent of the metal. 

If 0-5 gm. oxygen cnmhhie with 2 gm. metal, 8 gm. oxygen 
combine with S“- metal 

— 33 gm- 

equivalent of metal •• 32. 

(viii) On heating lead in oxygen, the weight in- 
creases by 773 per cent Calculate the equivalent 
of lead- 

Tho tnaeaee in weight U due to the convenlon of Wd Into- 
lead oxide. 

Hence 773 gm. oxyM combine with 100 gm. g gm. 

oxygen combine with — gm. lead 

— io3'5gia. 

eqatvalont of lead — io3-5. 
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(be) 0*84 gm. of a metallic oxide on reduction gave 
0*73 pn. metal. Calculate the equivalent of the metaL 
0-84 — 073 — 0*11 gm. •- weight of oxygen. 

If O'li gm. oxygen combtno with 073 gm. metaJ, then 8 gm. 
oxygen combine with ^ gm. 

- 53'i gm. 

oqulvnlcnt of metal — 33-1. 

(x) 2 gm. of a certain metallic oxide when. reduced 
in hydrogen yielded 0-252 gm. water. Calcolate the 
equivalent of the metal 

Bight- ninth* by weight of water i* oxygon: hence weight of 
^oxygen in 2 gm. of the cockle 

V 0-224 gm. 

weight of metal 2 — 0*224 " 177* gm. 

If 0-224 gm. oxygen combine with 1*7^ gm- metal, then 

5 gm . oxygen combine with gm* metal 


(xl) 0*374 gm- of 3 . metal yielded 0-446 gm. of 
its oxide. What is the equivalent of the metal? 
Equivalent of oxygen — 6 . 


0-446 gm. of the oxide contain 0*374 gm. of the metab 
Hcm» the weight of oxygen. It contain* ia 0*446 — 0*374 
— 0*072 gm. 

If 0-072 gm. of oxygen mm Hun with 0-374 gm, of metal . 

„ 0*374 X S 

-4-tinn fi .... — iiJ 

o xyo 72 

— 41*6 gm. 

The equivalent of the metal i» therefore 41*6. 


General Relation of Squivalents . — Suiaiancss react 
iogeihcT in iha ratio by weight of their resp^ve equioa- 
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Unis. Hence the equivalent of any substance, in grams, 
is the number of grams of it required to react vUh the 
equivalent, in grams, of any other substance. 

Thus 35'3 gm. of chlorine combine with i gm, of 
hydrogen, so that the equivalent of ddorine is 35*5. 
But 39 gm. of potassium react with 35*5 gm. of chlorine ; 
hence the equivalent of pwtassimn is 39. 

Similflri y 32*5 gm. of line will precipitate 108 gm, of 
silver from a solution of silver nitrate. But 32-5 is 
the equivalent of zinc; hence 108 is the equivalent 
of silver. 

(xii) I gm. of sflver when heated in chlorine yields 
i‘329 gm, of silver chloride. What is the eqmvaleat 
of silver? 


— I •>• O'jSQ gm. — of chkrine. 

Now the eqtztvakiit of chlorine U 35*5. 

U 0'3l9 gm chlorine combine witii l gm. gflver, 

33'3 gui- .* »< •• ' ^ ^ 

0-339 

— loS gm. iflver. 
eqnivmlent of tilver — 108. 


(xiH) 2 gm. of gold chloride, on heating, yielded 1*3 
gm. of gold. Find the equivalent of gold. 

* — 1-3 — 07 gm — weight ol chlorine. 

H 07 gm. chlodae combine with 1-3 gm. orf gold, 

then 33-5 

— 66 gm. gold. 
wpiiraiant of gold — 66. 

(riv) The equivalent of alnmirdum is 9^. What 
c 
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\veight of aluminium chloride could be obtained from 
12 or, of aluminium? 


g OZ. aJ umtoinm combine irltb 35*3 OZ. ehtori ne, 
.M2 0Z 

9 

“ 47*3 oi, chlorine, 

. weight of aJumJnhnn chloridd obtainable ^ la + 47‘3 

- 


(xv) If the equlvalentB of iron and copper are 28 
and 3I-8 respectively, how much copper could be 
displaced from a solution of coj^>er sulphate by 10 gm. 
of iron? 


a 6 gm, of iron wooU diipUce 31*3 gm. of copper, 
51-8 X 10 

" " — *5 

“ »i'4 gm. of coppctv 


. login. 


Problems. 

1. 16 gm. of oxygen combine with 24*33 gm. of 
magnesium. What is the equivalent of magnesimn? 

2. In 162 gm. of zinc oxide there are 130 gm. of zmc. 
What is the equivalent of zinc? 

3. When 5*6 gm. of caldom oxide were analysed 
they were found to contain 4*0 gm. of caldom Find 
the equivalent of caldum 

4. 10 gm. of lead oxide were heated in a current of 
hydrogen until the action was complete. If the 
equivdent of lead is 103*5, what weight of lead was 
left? 

5. In 3*5 gm of carbon monoxide, there are 1*5 gm 
of carbon. Find the equivalent of carbon. 
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6. I of a metal, on oxidation, yielded 1-35 gm. 
of the metallic oxide. What is the equivalent of 
the metal? 

7. 10 gm. of a metal, on oxidation, yielded 18-9 gm. 
of the metallic oxide. Calculate the equivalent of 
the metfll- 

8. 3-479 of a metallic oxide yielded, on reduc- 
tion. 1*950 grm of metaL Find the equivalent of the 
metaL 

9. On heating the oxide of a metal, oxygen was 
evolved. The loss in weight on 4*33 gm, of the 
oxide was 0-33 gm. Calculate the equivalent of the 
metaL 

10. To oxldke completely 3*00 of lead, 334-6 c.c. 
of oxygen (measured dry at N.T.P.) are required. 
Calculate the equivalent of lead. 

11. A compound consisting of sodium and hydrogen 
was, analysed. It was found that the percentage by 
weight of sodium in the compound was 95-8. What is 
the eqatvalent of sodium? 

13. On heating caldom in hydrogen, a compound of 
the two elements is formed. The weight of tha 
compound is found to be 5 per cent greater thnn the 
wei^t of the caldum it contains. Find the equivalent 
of caldum. 

13. A specimen of hydrogen sulphide was subjected 
to the passage of electric sparks, and so decomposed 
into hydrogen and sulphur. It was found that 50 c.c. 
of the gas yielded 30 c.c. of hydrogen, both volumes 
being measured at N.TJ?. One litre of hydrogen at 
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N.T.P. weigh* 0*09 gm., and x litre of hydrogen suljdude 
at N.T.P. weighs 1*518 gm. Fmd the wjuivalent of 
stdphur. 

14. When paiiadimn hydride i* heated^ it loses 
hydrogen, and palladium is left. The hydrogen 
evolved from 25*60 gm. of palladnmj hydride measured 
133*6 C.C, at N.T-P. What is the eqoivalent of 
pallachum? 

15. The equivalent of ainc is 32*5. Assuming that 
2 gm. of hydrogen at N.T.P. occupy ^2-4 litres^ 
volume of hydrogen at this temperature and pressure 
could be obtained by dissolving 3*25 gm. of rinc in 
(a) dilute hydrochloric add, and (^) ddute sulphuric 
odd? 

16. Zinc will displace copper from copper sulphate 
eolation. 4*000 gm. amc were found to diqdace 3*914 
gnu copper. If the eqoivalent of rinc is 33*5, what is 
the equivalent of copper? 

17. Calculate the equivalent of magnesium from the 
following data: 0*3648 gm. magnerimn, on solution 
in dilute sulphuric add, gave 364 c.a hydrogen, 
measured over water at 15® C. 752*8 mm. 

18. To dissolve 0*45 gm. of a metal it was found that 
exactly 50 c.c. of a solutloa of an add were required. 
The strength of the solution was such that 1000 c-c. of 
it amtained the equivalent in grama of the add. What 
is the equivalent of the metal? 

ig, o-Soo gm. of sUver was dissolved in idtric add* 
and to the solndon an excess of sodium chloride 
solution was added. All the alver was prec^itated as 
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silver chloride, and the precipitate weighed 1*063 S™- 
Calculate the equivalent of sflver. 

20. Red lead is an oxide of lead. On heating, it may 
be converted into another oxide of lead« viz. llthaige, 
with loss of oxygen. When treated in this way, 
5*2500 gm. red lead lost 0*1227 6™* oxj^en. The 
residual litharge was reduced to metallic lead by heating 
in a current of hydrogen, and the metal so obtained 
weighed 4*7600 gm. Calculate the equivalents of lead 
in the two oxides, 

21. 15 gm. of carbon were oxidized to a mixture 
of carbon monoxide and carbon dioxide weighing 
45*67 gm. The carbon dioxide was absorbed in 
weighed bulbs containing caustic soda, and the in- 
crease in weight was found to be 29*33 gm. Given 
that the equivalent of carbon in carbon dioxide is 3, 
calculate (a) the percentage wd^t of carbon oxidized 
to carbon dioxide in the above experiment, and (6) the 
equivalent of carbon in carbon monoxide. 

22. 1*220 mgm. of radium bromide were con- 
verted into radium sulphate by the action of concen- 
trated sulphuric add. The radium sulphate weighed 
I ’017 mgm. If the equivalent of b ro mine Is 80, and 
that of the sulphate (SO4) group 48, what la the 
equivalent of radium? 

23- 2*67 gm of an oxide of iron were reduced in a 
current of hydrogen, and yielded 0*829 §ni* water. 
Calculate the equivalent of iron in oxide. 

24. The equivalent of aluminium is 9. How many 
grams of aluminium would be required to yield 
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100 gm. of (a) alnmininm oxide, and (6) aluminiuin 
chloride? 

25, 1270 gm. of iodine combine with lO'Sogm. silver. 
54-00 gm. silver combine with 1775 gm. chlorine. How 
many grams of iodine would combine with 10 gm. 
of chlorine? [Cf. also p. 23, § 3.] 



CHAPTER in 


SOME CHEMICAL LAWS 

1. L«w of Constant Composition, or Law of Definite 
Proportioni. — AU samplct of any givtn compound 
contist of tho tama eUmentx combined togeihor in a fixed 
proportion of teeighi. 

2. Law of Multiple Proportions^ — If fcto dements 
{or radicals) combine to form more than one compound, 
then the veights of one of thou dements {or radicals) that 
combine mih a fixed taeight of the other are in a simple 
ratio to one another. 

. 3. Law of Reciprocal Proportions. — Suppou that 
an dement A combines vith an dement B, and that 
dement B also combines xeilh dement C. Then, if A 

and C combine rrith one another, the ratio ^ 

Wight of C 

(»n the compound of A and C) is in a simple numerical 
rdation to the ratio of the veighls of A and C that combine 
separaidy vrith a fixed xaeigbt of B. 

[Hemember that simple ratios can ahrays bs expressed by 
simple fractknis, : 

.1 : a - 0-3 : I 1 3:5-1:!^ 

a ; 3 - I : 1-5 5 : 7 - i : 1-4 

3:4- I : 1-33 I 8 : 9 - I ; i-ia3, etc.] 

33 
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EXAilPLES, 

(I) Three spedraena of copper, X, Y, and 2 , were 
weighed The weights were as follows: X ■■ 175 gm. ; 
Y «« i'i4 giTL; Z «» 1*46 gm. X was then converted 
into copper cwdde by dissolving it in nitric add and 
igniting the residual copper nitrate. The copper odde 
weighed gm. Y was converted into copper oxide 
by dissolving it in nitric add, precipitating the copper 
as copper hydroxide by addition of caustic soda, and 
strongly beating the waah «3 precipitate. The copper 
oxide weired 1*43 gnu Z was converted into copper 
oxide by heating it to constant weig^lt in a cnirent of 
oxygen. The copper oxide wei^itd 1*83 gm. 

Show that these dgures fllostiute a law of chemistry, 
and state the law. 

From the fact that 3 samples of the tame compound 
are formed in 3 different ways, it is probable that the 
law in question is the Law of Constant Composition. 
This is stated above in 5 i. 

With the ipoctaen X of cumpex, 175 gnu of c opp er gsTC 
3 ■ 1 9 gm. 01 the ozfde. 

With tpedmen T, t'14 gm. copper gave X'43 gm. of the oodde, 
175 gnu copper wooM give ^ 

- j'i9 gm. 

With aped men Z, 1*46 gnu copper gave I'Sj gnu oxM e , 

175 gnu cc^^ier wcmld give 

— 3’X9gIZL. 

'Iherefore a fixed wei^t (175 gm.) of copper in 
each of the three cases gives the same weight (a-ig gm.) 
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of copper oxide. Hence all three specimens of copper 
oxide have the same composition by weight. 

(ii) Lead and oxygen combine to form the two 
difierent compounds, litharge (or lead monoxide) and 
lead peroxide. 2 gm. of litharge contain i*86 gm. of 
lead; a gm. of lead peroxide contain 1*74 gm. of lead. 
Are these figures in agreement with the Law of Multiple 
Proportions? 

In IWutrgt, i'66 gm. of iMd mint have been combi ped with 
a — 1-66 -• 0'i4 gia. oxygen. 

I gin of I fwxi would hxve been combined with 
0*075 gm. oxygen. 

In iHtd penaride, 1 74 gm. of lead matt have been combdaed 
with 2 — 174 ~ 0*26 gm. oxygen. 

1 gm. of lead would have been combined with • 

0-26 __ ___ 

- 0-15 m- ox ygen . 

Hence the different weights of oxygen that would 
have combined with i gm. of lead in litharge and lead 
peroxide respectively are in the ratio of 0*075 to o-is, 
which is the simple ratio of i : a. 

(iii) Two oxides of nitrogen contain respectively 
A, 63*64 per cent, nitrogen end 36*36 per cent oxygen, 
and B, 46-67 per cent nitrogen and 53*33 per cent 
oxygen. Do ^ese figures agree with the Law of Multiiie 
Proportions? 

Choose any fixed weight of cither element. Suppose 
we take 63*64 parts by weight of nitrogen as our 
fixed weight Then in compound A, we know that the 
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weight of oxygen combining with thia weight of nitrogen 
is 36-36. In compound B, 

46-67 ports by wdgbt of nitrogen combined with 53*33 
of oxygen, 

63-64 of nitrogen (the fixed weight) would combine with 
oxygen — 7271 oxygen. 

If the law is obeyed, then the two different weights 
of oxygen, vlr. 36-36 and 72*71, that combine with 
the fixed weight of nitrogen we have chosen (63*64) 
ought to be in a simple ratio. It it clear that they are, 
since 7271 : 36-36 is eqoal to a : i within very dose 
limits. 

(iv) Ferrous chloride and ferric chloride con tain 
respectively 44*1 per cent and 34*46 per cent of iron. 
Are these figures in accordance with the Law of 
Multiple Proportions? 

For a change, let os take 100 gm. of iron as our 
fixed weight of one element. 

Then in ferrous chloride, the wel^t of chlorine com- 
hining with 100 gm. of iron is 

mm ra6-8gm . 

In ferric chloride, the weight of chlorine combining 
with 100 gm. of iron is 

Arc 126-8 and 190*2 in a simple ratio to one another? 
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i'6rr gni. Chlorine and oxygen also combine together, 
the weight of oxygen combining with i*ooo gni. 
chlorine being 0-901 gm. 

Show that these fignres illustrate the Law of 
Reciprocal Proportions. 

Tbe ratio of the wdghte of oxygon and cJilorfni!i that com- 
bine with a fixed weight of iflvcr ia T Vy?2 ) 

1-339 — i-ooo 

0-333 0-333 

“ o-9fl7 “* I 

The ratio of the weights of o xyg en and chlorine that com- 
bine with one another li 9^} .. 

U the Law of Reciprocal Pioportiona is obeyed in this 
case, the ratto — ^ Lo. 0*335 -^^1* ought to be a 

a liiapie oaa. 0-901 * 0-325 x 4 very neady. Hence 
tbe ratio ii i : 4, which is a simple one; and the law is 
therefore obeyed. 

PROBLBKS. 

I. Mercury and iodine form two different compounds, 
with the following compositions by weight : 

I n 

Afffcvry 6i-4 44 

lodins 38-0 56 

Are these figures in agreement with the Law of 

Multiple Proportions? 

3. On analysis, three oxides of manganese wore 
found to contain respectively 63-3, 69-6, and 77-5 per 
cent of manganese. Show that these figures are in 
agreement with the Law of Multiple Proportions- 
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3. Five oxidefl of nitrogen contain respectively 637, 
467, 36-9, 30*5, and 25-9 per cent by wcigiit of nitrogen. 
Show that data illustrate a law in chemistry, and 
state the law. 

4. Phosphoma forms two chlorides. The lower 
chloride contains 77*45 per cent of chlorine and the 
hi gh er contains 85*13 per cent of chlorine. Do these 
figures agree with the Law of Multiple Proportions? 

5. Tin forms two tuiphidea, with the following 
percentage compositioos by weight; 

I n 

Tin 78*8 6^-95 

Suipimr 31*2 35*05 

Illustrate the Law of Multiple Proporticms from 
these figures. 

6. Sodium carbonate (anhydrous) wUl combine with 
water to form two different hydrates. In the first 
hydrate, the percen t age of water of crystallization is 
62*9, while in the second hydrate it is 14*5. Do these 
hydrates obey the Law of Multiple Proportions? 

7. On analysis of two oxides of chlorine, A and B, 
the following figures were obtained : 

a-oo gm of oxide A z.83 gm. cliksine. 

3*33 gm. of oxide B mntelnfd 0*91 gm. chlariDe. 

Are these figures in agreement with the Law of 
Multiple Proportions? 

8. Some lead oxide was prepared in the following 
ways: (a) by heating lead in air; (6) by heating lead 
nitrate; (c) by heating lead carbonate. The three 
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different specimens were then analysed by heating a 
known ^vcight of each of them in a current of hydrogen 
and \veighing the residual lead. The results obtained 
are shown below: 

Specimen (a) 1-65 gm. yielded i>53 gm. lead. 

„ (6) 3 'i 5 gm. .. 3*09 gm. lead 

M (c)x*i6gm. „ 1*08 gm. lead. 

Show that these figures fflustmte a law in chemistry, 
and state the law. 

9. Copper combines with oxygen to form copper 
oxide and with sulphur to form copper sulphide. 
Analysis of these compounds give the following results : 

Cop per oxide contain* 79^1 per cent copper. 

Copper sulphide 66*53 copper. 

Oxygen and sulphur also combine together to form 
an oxide of sulphur containing 60 per cent by weight 
of oxygen. 

Show that these figures are in agreement with the 
Law of Reciprocal Proportions. 
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MOLECULAK AND ATOMIC WEIGHTS 

I. The MoLccuIat Weight of a tubsianca is iMs number 
of times its molecuU is as heavy as an atom of hydrogen. 
Thai, the: 

ILW. of hydrogan — a [HJ 

iLW. of oxygen. O, — 3a [O — l6] 

M.W. of oxoon, 0 , - 48 [O - 16] 

iLW. of Ho " 4 [Ho 4] 

ILW. of grape *ogir, — x8o — i2:0 — 16] 

ILW. of fulpboiic add, H(SO« — i;S — 33;0™i6] 

3. The Vapour Dcniity of a substance is the number of 
times a certain x>olume of it in the state of gas is as heavy 
as the same voiume of hydrogen under the same con- 
ditions of temperature and pressure. 

3. Numerically, the vapour density of a substance is 
half its molecular wight ] for: 

VJD ■- Weight of M motecalee of gM 

Weight of M molecniao of hydrogm 

(by Avogadro’i Hypothedi) . 

VJ). - 

But tlxe molecule of hydrogen consists of two atoms, 
and the VJD. is therefore equal to the M-W. divided by 2 
lie. M.W. - a X VJ).]. 

4- The mdectdar xseighi of a gas may be found by 
31 
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determinirig Its vapour density directly, and multiply- 
ing the latter by a. 

(i) A known volume of the gas, at known temperature 
and pressure, is welded (say x gm.). 

(if) The volume is corrected to N.TJ*. Let the 
corrected volume be m c.c. 

(iif) I litre of hydrogen at N.T.P. weighs 0*09 gm.; 

therefore m c.c. of hydrogenat N.T.P. weigh ^ 


(iv) VX). 


X X 1000 , ;rxioooxa 

, and M.\V,= • 

0*09 X m 0-09 X » 


5. The tnoUcular vteight of a voiatiU liquid is usually 
found by Victor Meyer's method [ci Revision Count 
in ChttnisUy, pp. 40. 41]. In this method, a known 
■weight of the liquid is vaporized, and the vapour 
displaces its own volume of air into a collecting and 
measuring tube over water. The volume of the air 


is corrected to N.T.P. (allowing for the pressure of 
aqueous vapour, p. 10), and the weight of the same 
volume of hydrogen is calculated, given that i litre of 


hydrogen at N.T.P. wei^is 0-09 gm. The weight of 
liquid taken is then divided by the weight of hydrogen, 
and the quotient is the vapour density. The latter, 
multiplied by 3, gives the molegilar weight. 


6. The ptolecuiar vnight of a solubU non-dtctrolyit 
may be determined by the ‘ depression of the freezfng- 
point ' method (otherwise known as the 'cryo e copic ' 
method). [Cf. Rsvision Count in Cfumistry, pp. 41-3]. 
In this method, use is made of the fact that the GXL W. 
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(molecular weigbt in grama) of any non-electrolyte, 
when dissolved in a filed weight of a given solvent, 
will produce a solution freering at a constant number 
of degrees below the freezing-point of the pure solvent. 
Thus the G Jf.W. of any non-electrolyte, dissolve in 
1000 gm. of water, gives a solution freering at — i’86® C. 

To determine the molecolar weight of such a sub- 
stance, therefore, a known weight of it is dissolved in a 
known weight of pure solvent, the freezing-point of 
which is known, and the freering-point of the solution 
is found eiperimeutally. The difierence between the 
two freezing-points is the 'depnasion.' Then, by 
proportion, the number of grams r e qui re d to produce 
a certain depression when dissolved In 100 gm. solvent 
U calculated. The value of this depression is given as 
K; it varies from solvent to solvent The solvents 
moat often used for the purpose are water (K, constant 
depresrion caused by dissolving G.M,W. of non- 
electrolyte in 100 gm. water, is here i8*6°) and benzene 
(K - 49°)- 

The relationship between 
If, weight of substance taken, 

K, constant depression for G.M.W. of solute in 
100 gTP. solvent, 

t, observed depression in Centigrade degrees, 

S, weight of solvent taken, and 
M, the molecular weigbt of solute, 

U expressed in the formula: 


M 


to X K X 100 

TITS — ■ 


o 
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PREFACE 


This little book provide* Id handy fonn a represen- 
tative collection of simple numerical problem* in 
chemistry. Every teacher knows the convenience of 
having a goodly number of such problems to draw 
upon; and I hope that those here printed will be of 
especial value, inasmuch as I have given particular 
attention to two points not always borne in mini The 
first point is that, in the chemistry periods, we want to 
teach chemistry, not mathematic*: numerical problems 
should, therefore, be devised that involve the required 
chemical knowledge but do not call for lengthy or 
complex manipulations’ of figures. To correct for 
temperature and pt^ssure a volume of loo c,c. of gas 
is just as useful, chemically, as to correct a volume of 

99-23 C.C. 

The second point is that, with young students, more 
instruction and example in the method of \vDrking out 
and setting down results are necessary than with older 
students, I have therefore provided a large number 
of worked examples, and have given hints for the 
solution of many other*. My own teaching experience 
has proved that such assistance U of very great value, 
particularly \vith the weaker member* of the set and 
with those whoso time is limited. 
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